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Abstract

Despite substantial recent advancements in psychiatric genetic research, progress in identifying the genetic basis of anxiety disorders has been limited. We
review the candidate gene and genome-wide literatures in anxiety, which have made limited progress to date. We discuss several reasons for this
hindered progress, including small samples sizes, heterogeneity, complicated comorbidity profiles, and blurred lines between normative and pathological
anxiety. To address many of these challenges, we suggest a developmental, multivariate framework that can inform and enhance anxiety phenotypes for
genetic research. We review the psychiatric and genetic epidemiological evidence that supports such a framework, including the early onset and chronic course
of anxiety disorders, shared genetic risk factors among disorders both within and across time, and developmentally dynamic genetic influences. We
propose three strategies for developmentally sensitive phenotyping: examination of early temperamental risk factors, use of latent factors to model underlying
anxiety liability, and use of developmental trajectories as phenotypes. Expanding the range of phenotypic approaches will be important for advancing
studies of the genetic architecture of anxiety disorders.

Many excellent papers in this Special Issue address the ways
in which genetic and genomic sciences are informing our un-
derstanding of developmental psychopathology. Here, we
take a complementary approach in which we explore the
ways that developmental science can contribute to more in-
formative genetic studies. We focus specifically on anxiety
disorders and argue that a developmental approach to the phe-
notype will be particularly important, given the early onset
and high prevalence of anxiety disorders in children.

We cover four main topics: the current state of the candidate
gene and genome-wide association literatures in anxiety disor-
ders; current obstacles to gene finding in anxiety genetics; the
psychiatric and genetic epidemiology of anxiety disorders with
a specific focus on data that can guide developmental, multi-
variate approaches to phenotype definition; and strategies for
developmentally sensitive phenotyping that could be used in
existing samples and in future study designs.

We note here a clarification of our use of the broad term anx-
iety disorders. DSM-IV-TR lists 13 separate anxiety disorders,
but we will focus on the most commonly diagnosed, idiopathic
anxiety disorders: generalized anxiety disorder (GAD), panic
disorder (PD) with and without agoraphobia, agoraphobia
without a history of PD, separation anxiety disorder, social
phobia, and specific phobia. Although the DSM-IV-TR in-

cludes obsessive–compulsive disorder (OCD) and posttrau-
matic stress disorder (PTSD) in the anxiety category, there is
also evidence that these disorders have partly distinct etiologic
and neurobiological underpinnings (Eley et al., 2003; Graybiel
& Rauch, 2000; Heim & Nemeroff, 2009; Tambs et al., 2009).
For this reason, this paper will not include OCD and PTSD, an
approach that is consistent with the new DSM-5 proposal for
the anxiety disorders category. We also acknowledge the strong
phenotypic and genetic overlap between depression and many
of the anxiety disorders (Brady & Kendall, 1992; Franic, Mid-
deldorp, Dolan, Ligthart, & Boomsma, 2010; Kendler, Neale,
Kessler, Heath, & Eaves, 1992; Middeldorp, Cath, Van Dyck,
& Boomsma, 2005; Weissman et al., 2005), but for simplicity
we focus here on the anxiety disorders themselves.

Anxiety disorders are among the most common forms of
child, adolescent, and adult psychopathology (lifetime preva-
lence of 28.8%; Kessler, Berglund, et al., 2005; Merikangas,
He, Brody, et al., 2010; Merikangas, He, Burstein, et al.,
2010). These disorders not only affect a large number of indi-
viduals but also are chronic and disabling conditions resulting
in considerable individual and societal cost. Anxiety disorders
as a group had the largest burden of role disability among the
common mental health conditions, exceeding the burden for
mood disorders and substance abuse/dependence disorders in
a large, national representative sample of adults (Merikangas
et al., 2007). In addition, anxiety disorders typically emerge
in childhood (Kessler, Berglund, et al., 2005; Merikangas,
He, Burstein, et al., 2010) and can be impairing across develop-
ment through disruption to family, peer, and academic function-
ing (Essau, Conradt, & Petermann, 2000; Ezpeleta, Keeler, Er-
kanli, Costello, & Angold, 2001). The economic burden of
anxiety disorders is substantial (estimated at $63 billion in
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1998 dollars; Greenberg et al., 1999). Beyond the costs for psy-
chiatric treatment, there are also additional directs costs, such as
repeated use of health care services for physical symptoms, and
indirect costs, such as lost productivity at work (Greenberg
et al., 1999). Improved prevention and treatment for anxiety dis-
orders would be impactful both for individual quality of life and
for societal productivity.

As with most psychiatric disorders, familial and genetic in-
fluences are among the best substantiated risk factors for anx-
iety disorders. Given this, the hope is that clarifying the genetic
basis of these syndromes will point to more effective and spe-
cific interventions. Anxiety disorders are arguably in one of the
strongest positions among the psychiatric disorders to execute
successful translational work from genetic risk factors to novel
treatments because of the uniquely strong neurobiological (Et-
kin, 2010; Johansen, Cain, Ostroff, & LeDoux, 2011; Pine,
2007; Shin & Liberzon, 2010) and animal modeling literature
(Flint, Shifman, Munafo, & Mott, 2008) in fear and anxiety.

Review of Anxiety Genetics

Heritability

There is now accumulated evidence that anxiety disorders are
familial and heritable (Hettema, Neale, & Kendler, 2001).
The heritability estimates across each anxiety disorder and
anxious traits are generally comparable in children, adoles-
cents, and adults, with estimates clustering in the range of
h2 values from �0.25 to 0.60 (for reviews, see Franic et al.,
2010; Gregory & Eley, 2007; Hettema et al., 2001). The
variability across studies could be due to many potential fac-
tors, including parent report versus self-report, age of assess-
ment, categorical versus dimensional categorizations, and
specific anxiety disorder analyzed (Franic et al., 2010; Gre-
gory & Eley, 2007). Despite these factors contributing to
variability, there is also good consistency across studies that
anxious traits and anxiety disorders are moderately heritable.

Candidate gene approaches

Like the psychiatric genetics field more generally, the candi-
date gene literature in anxiety genetics is large and complex,
with few replicable associations (Duncan & Keller, 2011;
Hewitt, 2012; Sullivan, 2007). To assess the current state of
the literature, we conducted a systematic review of published
candidate gene studies for the anxiety disorders or anxiety
symptom measures (not including temperament or personal-
ity traits). Through Pubmed searches and manual inspection
of meta-analyses and reviews, we identified over 350 anxiety
candidate gene studies. Restricting the search to studies
with a sample size of at least 200 cases (or nuclear families)
yielded only 65 reports from which main effects could be ex-
tracted. Although this sample size threshold is quite low
given current standards in complex disease genetics (Sulli-
van, 2010), it was chosen because of the small pool of
well-powered anxiety genetic studies. We focus on the

main effects because studies of Gene � Environment and
Gene� Gene interactions have been largely underpowered
(Duncan & Keller, 2011). We also focus on single nucleotide
polymorphisms (SNPs) rather than haplotypes, which are dif-
ficult to compare across studies. An enumeration of the 65
studies is available from the first author upon request.

Our review of these 65 studies revealed that PD has been the
most frequently studied single disorder (N ¼ 30 studies), com-
pared to GAD (N¼ 4), social anxiety disorder (N¼ 1), specific
phobia (N¼ 1), and separation anxiety (N¼ 0). Anxiety symp-
tom measures and/or a combined phenotype across anxiety dis-
orders have also been frequently studied (N¼ 29 studies). Fifty-
six different genes were investigated across the studies with
many studies including more than one gene. The three most
commonly studied genes were catechol-O-methyltransferase
(COMT, 8 studies), solute carrier family 6, member 4
(SLC6A4, also known as serotonin transporter [5-HTT], 7 stud-
ies), and brain-derived neurotrophic factor (BDNF, 4 studies),
each of which has been the focus of at least one meta-analysis
for anxiety phenotypes, which will be discussed further below.
Only 13 of these 56 genes (23%) had been studied in two inde-
pendent reports with sample sizes above the 200 case (or fam-
ily) minimum. Keeping in mind this lower bound, the average
case sample size in this truncated sample was 387 cases (SD¼
185, Mdn ¼ 376) and 416 controls (SD ¼ 224, Mdn ¼ 351).
Across studies, the largest case-control analysis examined
SLC6A4 in 1,161 cases diagnosed with an anxiety disorder
and/or depression and 1,051 controls (Wray et al., 2009). It is
worth nothing that this study found no consistent evidence of
association with the commonly investigated 5-HTT linked
polymorphic region (5-HTTLPR) variant (Wray et al., 2009).

Given the high rate of false positives in genetic association
studies, particularly when power is limited, we investigated
whether there was any evidence for independently replicated
association of a variant with a specific anxiety disorder at p
, .05 (uncorrected). Studies considering a cross-disorder anx-
iety phenotype (e.g., case¼GAD or PD) or anxiety symptoms
were considered together. There was no restriction on the mea-
sures used to obtain these diagnoses or quantitative traits. Even
when applying these liberal statistical and definitional criteria,
there was not a single instance of replication. Although it is
possible we have overlooked an instance of replication, our
search makes clear that replicated association between a ge-
netic variant and any anxiety disorder is at least rare when a
sample size restriction of 200 cases is imposed. This observa-
tion is consistent with candidate gene findings in the larger
psychiatric genetics literature (Duncan & Keller, 2011; Hewitt,
2012; Sullivan, 2007).

Three genetic variants have been studied frequently enough
to be the subject of meta-analyses: the 5-HTTLPR polymor-
phism of SLC6A4 with panic (Blaya, Salum, Lima, Leistner-
Segal, & Manfro, 2007), the Val/Met polymorphism of
COMT with panic (Domschke, Deckert, O’Donovan M, &
Glatt, 2007; Zintzaras & Sakelaridis, 2007), and the Val/Met
polymorphism of BDNF with a cross-disorder anxiety pheno-
type (including phobias, GAD, PD, OCD, and PTSD; Frustaci,
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Pozzi, Gianfagna, Manzoli, & Boccia, 2008). Only one of these
four meta-analyses reported a qualified positive result for
COMT with panic (Domschke et al., 2007). Although the over-
all meta-analysis showed no significant effect, there was signif-
icant heterogeneity in the analysis, which was attributed to a fe-
male-specific effect and differential effects in Caucasian and
Asian populations (Domschke et al., 2007). This meta-analysis
included 6 case-control samples, each of which had fewer than
200 cases (total combined N ¼ 557 cases and 763 controls;
Domschke et al., 2007), which is why we did not observe the
same effects in our review of the COMT literature. All of these
meta-analyses have noted the tentative nature of the conclu-
sions that can be drawn, whether positive or negative, because
of the small number of case-control studies with small samples.
Publication bias is also a crucial concern for the psychiatric ge-
netics literature (Duncan & Keller, 2011).

In summary, keeping in mind the sample size requirements
we imposed on the literature review, we did not identify any rep-
lication of candidate gene variants, even considering our liberal
statistical criteria. This result is supported by four meta-analy-
ses, none of which have reported a clear main effect. Our find-
ings are also consistent with the observation that a priori candi-
date genes have not generally emerged as significant in genome-
wide scans (e.g., Collins, Kim, Sklar, O’Donovan, & Sullivan,
2012). For this reason, we believe that efforts to assemble large
anxiety samples for genome-wide investigations will be fruitful
in focusing the field on novel, replicable genetic risk variants.

Genome-wide approaches

An alternative to the candidate gene approach is to utilize
genome-wide scans, which examine genetic loci throughout
the genome. Both linkage and association designs can be
used for genome-wide scans. We focus here on genome-
wide association results, which have been successful in iden-
tify risk loci for other psychiatric disorders. (For a review of
linkage studies in anxiety, see Domschke & Reif, 2012;
Maron, Hettema, & Shlik, 2010; Webb et al., 2012.)

Genome-wide association studies (GWAS). To date, there have
been two small-scale GWAS for anxiety disorders, both focus-
ing on PD (Erhardt et al., 2011; Otowa et al., 2009). The study
by Otowa et al. (2009) in 200 patients and 200 controls reported
two genome-wide significant SNPs in the genes transmembrane
protein 16B (TMEM16B) and plakophilin 1. However, a subse-
quent replication attempt in 558 cases and 566 controls did not
support these findings (Otowa et al., 2010).

Erhardt et al. (2011) used a discovery sample of 216 cases
and 222 controls along with several replication samples. The
authors reported two SNPs in transmembrane (TMEM) protein
132D (TMEM132D) that were nominally associated with PD in
three independent samples (combined sample¼ 909 cases and
915 controls), although the joint analysis p values did not ex-
ceed a genome-wide significance threshold ( ps ¼ 1026). The
authors went on to examine the biological relevance of these
SNPs, demonstrating that the risk genotype was associated

with higher TMEM132D mRNA expression in human post-
mortem frontal cortex. These results were supported by find-
ings in a mouse model where anxiety-related behaviors were as-
sociated with a SNP in Tmem132d and with mRNA expression
of Tmem132d in the anterior cingulate (Erhardt et al., 2011).
The convergence of results indicating genetic association across
samples, biological plausibility, and support from animal mod-
els is a compelling picture that would be further strengthened by
genome-wide significant results in larger, independent samples.

In the broader psychiatric genetics literature, GWAS has
been a key strategy for identifying replicable common genetic
risk variants (Ripke et al., 2011; Sklar et al., 2011; Sullivan,
2012). This tangible progress has been invaluable for psychi-
atric genetics, but GWAS designs can have limitations that are
important to consider. Because the sample size must be large,
the phenotyping is often less precise than in smaller studies,
sometimes relying on a few items from quantitative trait
scales. In addition, GWAS studies typically have limited in-
formation on environmental exposures, which constrains test-
ing of Gene�Environment interactions. Finally, by design,
most GWAS studies only assay common genetic variants,
which typically have modest effects and likely do not capture
the full genetic architecture of complex disorders.

Genome-wide copy number variation (CNV) studies. CNVs
are another form of genetic variation that can be investigated
in genome-wide studies. CNVs are segments of DNA that
range from 1 kilobase (kb) to millions of base pairs that are
either deleted or duplicated. In autism and schizophrenia, large,
rare CNVs have been shown to be etiologically important in a
subset of cases (for a review, see Malhotra & Sebat, 2012).

To date, there has been only one genome-wide CNV study
of anxiety disorders (Kawamura et al., 2011). This study fo-
cused on PD and included 535 cases and 1,520 controls of
Japanese ancestry. The study did not detect an excess burden
of rare CNVs, but the authors reported a Bonferroni-corrected
significant association ( p , .05) with common duplications
in the 16p11.2 region. CNV detection is difficult in this peri-
centromeric region, so replication of the finding using multi-
ple methods for CNV calling and laboratory validations will
be important. The region is approximately 2 megabases away
from a large, rare CNV in 16p11.2 that has been associated
with autism and other neurodevelopmental disorders (Mal-
hotra & Sebat, 2012).

In summary, genome-wide studies of anxiety disorders
have been limited to date. However, given the successes
achieved with these methods in other complex disorders, there
is reason to be hopeful that larger studies will provide novel
clues to the genetic basis of pathologic anxiety. We turn now
to the major challenges facing the field of anxiety genetics
and our recommendations to address some of these challenges.

Challenges in Gene Finding for Anxiety

There are four primary challenges that have hindered progress
in gene finding for anxiety disorders or traits: (a) small sam-
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ple sizes (b) etiological heterogeneity, (c) a complicated co-
morbidity profile, and (d) blurred lines between normative
and pathological anxiety.

Small sample sizes

A major catalyst for psychiatric genetics has been the Psychi-
atric GWAS Consortium (PGC), a collaborative effort to as-
semble large samples for GWAS in major depressive disorder
(MDD), bipolar disorder, schizophrenia, attention-deficit/hy-
peractivity disorder, and autism (Sullivan, 2010). The anxiety
disorders have not been part of the primary PGC efforts to date.
A major lesson from this and other large-scale genome-wide
studies has been the realization that sample sizes on the order
of tens of thousands of individuals are necessary to identify
and replicate genetic variants of modest effect size in complex,
neurobehavioral phenotypes (i.e., Ripke et al., 2011; Sklar
et al., 2011).

Even for smaller-scale candidate gene studies, it is clear
that the typical sample sizes that have been examined in ge-
netic studies of anxiety disorders (on average, a few hundred
cases and controls) have been underpowered by at least an or-
der of magnitude. If we take as an optimistic effect size, the
largest odds ratios for genome-wide significant results ob-
served in recent GWAS studies of schizophrenia and bipolar
disorder (odds ratio ¼ �1.2; Ripke et al., 2011; Sklar et al.,
2011), a liberal significance threshold of p , .05 and the
most favorable minor allele frequency (MAF¼ 0.5), approxi-
mately 1,000 cases and 1,000 controls would be needed to
achieve 80% power under an additive model (Gauderman
& Morrison, 2006). Even under this most optimistic scenario,
we identified only one of the hundreds of published case-con-
trol candidate gene studies (Wray et al., 2009) that was ade-
quately powered. In the context of these power limitations,
it is difficult to exclude Type I or Type II error in the existing
candidate gene literature.

GWAS of anxiety have been similarly underpowered
(�200 cases and 200 controls). Using the same optimistic ef-
fect size (odds ratio ¼ �1.2) and MAF (0.5) and a genome-
wide significant threshold of p ¼ 5� 1028, power analyses
indicate that a minimum of 5,000 cases and 5,000 controls
would be necessary to obtain 80% power. This estimate ex-
tends upward as the risk allele becomes less common (i.e.,
7,000 cases/7,000 controls MAF ¼ 0.2; 12,000 cases/
12,000 controls MAF ¼ 0.1; Gauderman & Morrison,
2006). As Figure 1 indicates, sample sizes of the magnitude
necessary for successful genome-wide studies have not yet
been reported for the anxiety disorders, although sample col-
lection efforts are ongoing. The next generation of anxiety ge-
netic studies will need to carefully consider power in light of
plausible effect size estimates.

Etiologic heterogeneity

The PGC analyses, especially those for MDD, can also serve
as a cautionary tale for anxiety genetics. The PGC mega-anal-

ysis of MDD (.18,000 cases/controls) yielded no genome-
wide significant signals (PGC, 2012) in contrast to bipolar
disorder and schizophrenia, which were more successful
(Ripke et al., 2011; Sklar et al., 2011). One explanation for
this disappointing result is that etiological heterogeneity is
particularly important for depression and other disorders
with high population prevalence and moderate heritability
(PGC, 2012). This heterogeneity, which may include nonge-
netic phenocopies and etiologically distinct subtypes, can
make gene finding particularly challenging. For example, con-
sider the standard case-control genetic association study, which
selects cases based on a cross-sectional assessment of lifetime
diagnosis of an anxiety disorder in adulthood. Cases may show
substantial etiologic heterogeneity owing to normative and
transient peaks in anxiety over the lifespan and different devel-
opmental trajectories to the same anxiety disorder outcome
(i.e., early vs. later onset). Such heterogeneity could substan-
tially reduce power in a genetic association study.

Figure 1 compares the genetic landscape of the anxiety
disorders to the disorder groups included in the PGC, as de-
fined by approximate heritability and prevalence estimates.
Thus far, replicable genetic findings have been identified
only in highly heritable, lower prevalence disorders with
the largest sample sizes. Anxiety disorders and MDD share
a genetic landscape that may be particularly difficult for
gene finding. In addition to large samples, the field may
also need new approaches to phenotyping that can increase
power for genetic association studies. For the anxiety disor-
ders, a developmental, multivariate approach to phenotyping
may be important for reducing heterogeneity.

Complicated comorbidity profile

Anxiety disorders are highly comorbid with each other in
both child and adult samples (Costello, Egger, & Angold,
2005; Kessler, Chiu, Demler, Merikangas, & Walters,
2005). Although comorbidity is a general issue in psychiatry,
it is compounded in anxiety, where there are 13 different dis-
orders within the same anxiety class, in addition to cross-
class comorbidities. Standard case-control genetic associa-
tion studies typically focus on individuals who meet and do
not meet criteria for one specific disorder. The complex co-
morbidity of anxiety disorders raises challenging questions
about the design and interpretation of studies. For example,
should controls be screened only for the specific anxiety dis-
order being investigated or for all the anxiety disorders? Evi-
dence that the various anxiety disorders share genetic under-
pinnings (discussed below) would argue for selecting
controls free of any disorder in the class; however, the high
prevalence of anxiety disorders may limit the feasibility of
such a strategy. Moreover, if a significant association is found
between a genetic variant and the disorder of interest, how
does one ensure that the association is with the primary disor-
der and not a secondary, highly comorbid disorder? (Smoller,
Lunetta, & Robins, 2000). As we discuss later, latent modeling
approaches that extract the common phenotypic variance
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among anxiety disorders may be useful for modeling the multi-
dimensional nature of the phenotype (see the Latent Modeling
of the Multidimensional Anxiety Phenotype Section).

Blurred lines between normative and pathological anxiety

Anxiety is a universal human experience, and the line between
pathological and normal anxiety is unclear. For case-control ge-
netic association studies, an arbitrary diagnostic boundary must
be drawn, creating the dilemma of how to handle individuals
just above or below the threshold. Alternatively, quantitative
trait approaches, which assume a continuous liability distribu-
tion (Plomin, Haworth, & Davis, 2009), can be used for con-
structing optimally informative latent phenotypes. If genetic
variations that influence anxiety-related traits in nonclinical
samples are continuous with those affecting pathologic anxiety,
genetic studies could take advantage of existing population-
based cohorts that have longitudinal anxiety information.

In summary, dissecting the genetic and phenotypic com-
plexity of anxiety disorders will likely require larger,

genome-wide study designs and innovative phenotypic tech-
niques. In the rest of this paper, we will focus on new
phenotypic approaches that are guided by the psychiatric
and genetic epidemiology of anxiety disorders. We propose
a developmental, multivariate framework that can incorporate
quantitative traits, multidimensional phenotypes, and devel-
opmental trajectories, addressing many of the limitations
just discussed. We turn now to a discussion of the psychiatric
and genetic epidemiology of anxiety disorders, with a focus
on implications for optimizing phenotype definition and in-
corporating a developmental perspective.

Psychiatric and Genetic Epidemiology of Anxiety
Supports a Developmental, Multivariate Perspective

Early age of onset and chronic course

Anxiety disorders have an earlier age of onset than many
other classes of psychopathology, including mood, psychotic,
and substance use disorders. The median age of onset of anx-

Figure 1. The estimated heritability versus prevalence for disorders included in the Psychiatric GWAS Consortium (PGC) and panic disorder.
Each bubble is centered at a point estimate for the lifetime prevalence and heritability of the disorder. The area of the bubbles is proportional to the
largest discovery genome-wide association studies sample (cases and controls) reported to date (panic disorder: Erhardt et al., 2011; attention-
deficit/hyperactivity disorder [ADHD]: Neale et al., 2010; depression: PGC, 2012; schizophrenia: Ripke et al., 2011; bipolar disorder: Sklar
et al., 2011; autism: Wang et al., 2009). Total sample size is also given in the labels. (As an approximation, trios were counted as equivalent
to a case.) [A color version of this figure can be viewed online at http://journals.cambridge.org/dpp]
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iety disorders is reported to be 6 years in an adolescent pop-
ulation-based sample (Merikangas, He, Burstein, et al., 2010)
and 11 years in an adult population-based sample (Kessler,
Berglund, et al., 2005). The discrepancy is likely due to the
inherent difficulties in retrospective reporting of onset.

Within the class of anxiety disorders, there are large varia-
tions in the median age of onset for specific types of anxiety.
Separation anxiety and specific phobia are the earliest onset in
childhood, followed by social phobia in early adolescence,
and then PD/agoraphobia and GAD in late adolescence and
early adulthood (Kessler, Berglund, et al., 2005). These
age-of-onset patterns indicate a developmental shift in the ex-
pression of anxiety at different ages (for reviews, see Beesdo,
Knappe, & Pine, 2009; Costello et al., 2005; see Figure 2b).

Anxiety disorders also tend to have a chronic course across
development (for a review, see Hirshfeld-Becker, Micco, Si-
moes, & Henin, 2008). In large epidemiological samples,
children and adolescents meeting criteria for an anxiety disor-
der were at high risk for meeting criteria as adults, with odds
ratios generally in the range of 2.0–3.0 (Costello, Mustillo,
Erkanli, Keeler, & Angold, 2003; Gregory et al., 2007; Kim-
Cohen et al., 2003; Newman et al., 1996; Pine, Cohen, Gurley,
Brook, & Ma, 1998). There is evidence for both “homotypic
continuity” (the future occurrence of the same disorder) and
“heterotypic continuity” (the future occurrence of a different
anxiety disorder; Gregory et al., 2007; Pine et al., 1998).

These developmental patterns have been largely neglected in
anxiety phenotyping for genetic studies. All of the genome-
wide studies and most of the candidate gene studies reviewed
above have been conducted in cross-sectional, adult samples.
Only 13% of the case-control studies have been in child or ado-
lescent samples. Of these, only a handful have explicitly incor-
porated developmental trajectory information into the pheno-
type, a method discussed further below (see Ernst et al., 2011;
Petersen et al., 2012). By neglecting the developmental nature
of the anxiety phenotype, the field may be missing a critical op-
portunity for gene finding. New phenotypic models could incor-
porate early developmental time points and allow for changing
symptomatology over time (see the Developmentally Sensitive
Phenotypes for Anxiety Genetic Studies Section).

Genetic contributions to comorbidity

In the following two sections we highlight evidence that the
strong cross-sectional and longitudinal relationship among
the anxiety disorders is partially attributable to shared genetic
risk factors. These findings can guide multivariate, longitu-
dinal models of anxiety liability for genetic studies.

Genetically informative designs, such as the twin study,
can be used to examine the genetic basis of co-occurring dis-
orders or traits by examining the correlation between one dis-
order or trait in one twin (e.g., GAD) and another disorder or
trait in the second twin (e.g., PD) for monozygotic and dizy-
gotic twin pairs. A higher cross-trait correlation for monozy-
gotic compared to dizygotic twin pairs provides evidence of
shared genetic contributions to the two disorders or traits.

There have been several multivariate twin studies of child-
hood anxiety disorders and anxiety-related behaviors (Eley
et al., 2003; Eley, Rijsdijk, Perrin, O’Connor, & Bolton,
2008; Hallett, Ronald, Rijsdijk, & Eley, 2009; Ogliari et al.,
2010). The common thread uniting most of these studies is
that there are common genetic risk factors underlying many
of the childhood anxiety disorders and traits, although the
magnitude of overlap differs depending on the age of the
sample, measures used, and disorders or traits considered (for
reviews see Franic et al., 2010; Gregory & Eley, 2007). Two
studies have estimated the proportion of the phenotypic cor-
relation that is due to shared genetic factors to be in the range
of .30–.50 for anxiety-related behaviors in preschool and
middle childhood (Eley et al., 2003; Hallett et al., 2009).
One additional study, in a sample of broader age range (8–
17 years), reported even higher estimates of .60–.99 for quan-
titative measures of generalized anxiety, social phobia, sepa-
ration anxiety, and PD (Ogliari et al., 2010). The highest es-
timate of .99 was for social phobia and panic symptoms.

Multivariate twin studies in adults support the findings in
child samples that the anxiety disorders reflect partly shared
genetic influences (Hettema, Prescott, Myers, Neale, & Kend-
ler, 2005; Kendler, Prescott, Myers, & Neale, 2003; Middel-
dorp et al., 2005; Mosing et al., 2009; Tambs et al., 2009).
These studies provide some support for a two-factor internal-
izing model comprising two partly distinct genetic factors:
anxious-misery (with loadings on depression, generalized
anxiety, and panic, agoraphobia, social phobia) and fear
(with loadings on specific phobias; Hettema et al., 2005;
Kendler et al., 2003). At this point, the two-factor genetic
model has not been explored in child samples, so its relevance
to childhood anxiety remains to be determined.

Overall, these multivariate genetic results suggest that
though the anxiety disorders may show phenotypic differentia-
tion, even beginning at early developmental stages (Mian,
Godoy, Briggs-Gowan, & Carter, 2011), many of the disorders
share genetic influences. We concur with previous proposals
that, for gene-finding efforts, it would be reasonable to focus
on clusters of disorders with shared genetic risk factors rather
than on a single individual anxiety disorder (Kendler et al.,
2003). One methodological strategy would be to model a latent
anxiety liability factor composed of anxiety disorders with sub-
stantial genetic overlap (see Figure 2 and the Latent Modeling
of the Multidimensional Anxiety Phenotype Section).

Genetic contributions to the stability of anxiety

Longitudinal twin studies in which the same anxiety pheno-
types are measured in both twins on two or more occasions
can address questions about genetic and environmental con-
tributions to the stability of anxiety over time. There have
been several multivariate, longitudinal twin studies address-
ing this question in childhood and adolescence (Boomsma,
van Beijsterveldt, Bartels, & Hudziak, 2007; Kendler, Gard-
ner, Annas, & Lichtenstein, 2008; Kendler, Gardner, Annas,
Neale, et al., 2008; Kendler, Gardner, & Lichtenstein, 2008;
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Figure 2. (a) An illustration of a one-factor latent model of anxiety liability influenced by genetic variants (G), environmental factors (E), Gene�Environment interactions (G�E), and Gene
�Gene interactions (G�G). Although multiple predictors are included to reflect the expected etiologic complexity of anxiety, this model could also be used to test single predictors, such as a
single nucleotide polymorphism. (b) An illustration of a two-factor latent model of anxiety liability with developmental shifts in the factor loadings from childhood to late adolescence. In
childhood, anxiety liability is predicted to be expressed as the earliest onset anxiety disorders: separation anxiety and specific phobia. In late adolescence, anxiety liability is predicted to be
expressed as the later onset anxiety disorders: generalized anxiety, panic, agoraphobia, and social phobia. The thickness of the arrows indicates that the weighting of the variable is predicted
to be stronger. The multiple genetic, environmental, G�E, and G�G predictors are condensed from (a) to simplify the figure but represent the same degree of etiologic complexity depicted
in (a).
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Roberson-Nay, Eaves, Hettema, Kendler, & Silberg, 2012;
Trzaskowski, Zavos, Haworth, Plomin, & Eley, 2011). De-
pending on the measures included in the study, these twin
studies can address genetic and environmental contributions
to both homotypic and heterotypic continuity.

In one study explicitly addressing homotypic versus het-
erotypic continuity of anxiety-related behaviors (i.e., negative
cognition, negative affect, fear, social anxiety) from ages 7 to
9 years, genetic influences on homotypic continuity were
generally stronger than heterotopic continuity (Trzaskowski
et al., 2011). Estimates of the proportion of homotypic conti-
nuity due to stable genetic factors ranged from .57 to .67. Ge-
netic influences on heterotypic continuity were more varied,
with estimates ranging from .28 (for fear at age 7 and negative
affect at age 9) to .66 (for negative cognitions at age 7 and
negative affect at age 9). This variability suggests that specific
clusters of anxiety-related behaviors may be more genetically
related over time than others, consistent with the two-factor
genetic models in adults presented by Kendler et al. (2003)
and Hettema et al. (2005). Additional evidence for genetic
contributions to heterotypic continuity comes from a recent
study reporting a shared genetic diathesis between childhood
separation anxiety disorder and adult-onset panic attacks (Ro-
berson-Nay et al., 2012).

Twin studies spanning larger age ranges have addressed
mainly homotypic continuity. For example, Kendler, Gard-
ner, and Lichtenstein (2008) examined a large twin sample
assessed at ages 8–9, 13–14, 16–17, and 19–20 years with
self- and parent-report measures of anxious/depressed symp-
toms. They found evidence for a “developmentally dynamic”
pattern of genetic risk factors involving both “genetic at-
tenuation” and “genetic innovation.” Genetic attenuation
refers to the finding that genetic risk factors present at age
8–9 continued to contribute to anxious/depression symptoms
over time but accounted for less of the variance, starting with
72% at age 8–9 and ending with 12% at age 19–20. Genetic
innovation refers to the fact that strong new genetic effects
emerged at each time point measured. Thus, both stable and
developmentally dynamic genetic risk factors contribute to
anxiety symptoms. A similar pattern was observed in the
same twin sample using a phobia assessment (Kendler, Gard-
ner, Annas, & Lichtenstein, 2008; Kendler, Gardner, Annas,
Neale, et al., 2008). Among the phobias, social phobia
showed the lowest degree of genetic continuity. The pattern
of genetic effects on social phobia was distinguished by
new and substantial genetic influences coming online in ado-
lescence and early adulthood, compared to the pattern in the
other specific phobias where the genetic innovations were
more modest (Kendler, Gardner, Annas, & Lichtenstein,
2008). Once individuals reach adulthood, there is more evi-
dence for genetic stability over time with only minor genetic
innovations compared to childhood and adolescence (Gil-
lespie et al., 2004; Nes, Roysamb, Reichborn-Kjennerud,
Harris, & Tambs, 2007; Rijsdijk et al., 2003).

These studies highlight the value of incorporating a devel-
opmental perspective for genetic studies of anxiety. For ex-

ample, the genetic epidemiology of social phobia suggests
that genetic contributions to social phobia in adolescence
and adulthood are substantially distinct. In this case, studies
that collapse across developmental periods (such as the stan-
dard practice of assessing lifetime diagnoses in adulthood)
will substantially increase the etiologic heterogeneity of the
sample and diminish the power to detect genetic effects
(see Figure 3). However, specific genetic risk factors may
be more easily identified by focusing on a specific develop-
mental period (e.g., adolescent vs. adult-onset social anxiety)
or including longitudinal phenotypes that distinguish specific
trajectories (see the Developmental Trajectories as Pheno-
types Section).

Developmentally Sensitive Phenotypes for Anxiety
Genetic Studies

The genetic epidemiology of anxiety disorders has been well
studied in sophisticated multivariate and developmental de-
signs, but gene-finding efforts have not generally incorpo-
rated these approaches.

Given the evidence for (a) the early onset and chronic
course of anxiety disorders, (b) shared genetic etiology of
specific clusters of anxiety disorders, and (c) developmen-
tally stable and dynamic genetic contributions to anxiety dis-
orders, we propose three corresponding developmental strat-
egies for phenotypic definition in genetic studies: (a)
examination of early temperamental precursors of anxiety,
(b) latent modeling of the multidimensional anxiety pheno-
type, and (c) examination of developmental trajectories. We
explain these strategies further and then illustrate the ap-
proach with a representative application.

Early temperamental precursors of anxiety

There has been a rich tradition of developmental work char-
acterizing temperamental risk factors for anxiety (e.g., Kagan
& Snidman, 2004). Temperament describes a biologically
based behavioral profile that is relatively stable across time
and context in childhood (Nigg, 2006; Perez-Edgar & Fox,
2005; Rothbart, 2007). Multiple dimensions of temperament
have been described in internalizing disorders, but much of
the focus has been on behavioral inhibition (BI) to the unfa-
miliar (e.g., Biederman et al., 2001; Fox, Henderson, Mar-
shall, Nichols, & Ghera, 2005; Hirshfeld-Becker et al.,
2007; Kagan, Snidman, Kahn, & Towsley, 2007; Rosenbaum
et al., 2000).

BI is a stable, heritable temperamental profile that is asso-
ciated with increased risk for later anxiety disorders, espe-
cially social anxiety (Biederman et al., 2001; Hirshfeld-
Becker et al., 2007; Schwartz, Snidman, & Kagan, 1999). It
is characterized by withdrawn and wary behaviors to novel
situations and is measured with developmentally sensitive
observational tasks (Kagan & Snidman, 2004) or parent re-
ports of child temperament and shyness (e.g., Carter,
Briggs-Gowan, Jones, & Little, 2003; Eley et al., 2003).
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There has been some debate about the extent to which BI is a
separate construct from early manifestations of anxiety symp-
toms (Egger & Angold, 2006); however, there is an emerging
consensus that the two concepts are related but distinguish-
able (Rapee, Schniering, & Hudson, 2009). One piece of evi-
dence in support of this consensus is that even though BI has
been associated with increased risk for later anxiety disorders,
only about half of children with BI go on to develop an anx-
iety disorder (Degnan & Fox, 2007). While prior research has
identified environmental and neurocognitive predictors of the
transition from anxious temperament to anxiety disorder
(Degnan, Almas, & Fox, 2010; Degnan & Fox, 2007), there
has been much less research on how genetic variation influ-
ences this trajectory.

For genetic studies of anxiety susceptibility, BI is a par-
ticularly compelling phenotype because estimates of its
heritability tend to be higher on average than estimates re-
ported for child and adolescent anxiety disorders (DiLalla,
Kagan, & Reznick, 1994; Goldsmith & Lemery, 2000; Plo-
min et al., 1993; Robinson, Kagan, Reznick, & Corley,
1992). Three twin studies utilizing observational measures
of BI in toddlerhood found comparable heritability esti-
mates h2 ranging from �.40 to .55 and extending up to
.70 in one study (DiLalla et al., 1994; Plomin et al., 1993;

Robinson et al., 1992). Genetic studies also indicate overlap
between genetic influences on inhibited temperament and
other anxiety-related behaviors (Eley et al., 2003; Gold-
smith & Lemery, 2000).

Several groups have pursued the strategy of examining
anxiety-related temperament as an intermediate phenotype
for anxiety disorders (Fox et al., 2005; Smoller et al., 2003,
2005, 2008). Intermediate phenotypes are traits that capture
aspects of the underlying liability for a disorder but may be
more closely related to the genetic risk factors than is the dis-
order itself (Gottesman & Gould, 2003; Kendler & Neale,
2010). The study highlighted below illustrates a strategy of
examining multiple intermediate phenotypes, including tem-
perament, personality, and neuroimaging profiles and capi-
talizing on genetic findings from experimental animal models
(Smoller et al., 2008).

There are evolutionarily conserved fear responses in a
wide range of species that recapitulate the behavioral and bi-
ological features of human fear (Flint, 2003). This cross-spe-
cies correspondence makes genes implicated in animal mod-
els of anxiety compelling candidates for human studies. In
2004, regulator of G protein signaling 2 (Rgs2; Yalcin
et al., 2004) was identified as a quantitative trait gene influ-
encing anxious temperament through fine mapping of a

Figure 3. Examples of developmental trajectories that may have etiologic significance. Different pathways to adult disorder may reflect hetero-
geneous etiologies that are obscured in standard case-control studies of adults. The lines from top to bottom indicate stable high, moderate, low
increasing, and stable low, respectively. [A color version of this figure can be viewed online at http://journals.cambridge.org/dpp]
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well-replicated linkage signal for anxiety phenotypes in mice
(Yalcin et al., 2004). The RGS2 protein is expressed in cortical
and limbic brain regions and modulates G protein coupled re-
ceptor signaling in response to neurotransmitters such as sero-
tonin and norepinephrine (Grafstein-Dunn, Young, Cockett, &
Khawaja, 2001; Neubig & Siderovski, 2002). Rgs2 knockout
mice exhibit increased anxiety and fear behavior, altered hip-
pocampal synaptic plasticity, and elevated sympathetic tone
(Oliveira-Dos-Santos et al., 2000; Yalcin et al., 2004).

Given the multiple lines of evidence in both human and an-
imal models implicating Rgs2 in anxiety-related behaviors,
Smoller et al. (2008) tested the association of human RGS2
with BI in a sample of children ages 2–6 years (N¼119 nuclear
families) who underwent lab-based temperament assessments.
Multiple variants in the RGS2 locus were associated with BI,
including a SNP (rs4606) that is associated with reduced
RGS2 expression in vitro (Semplicini et al., 2006).

To further explore this association between BI and RGS2,
the authors also examined a personality phenotype closely re-
lated to BI in an independent adult sample (N¼ 744). Devel-
opmental studies have suggested that BI is a developmental
precursor of introversion in adulthood (Caspi et al., 2003).
The four markers showing the strongest association with
childhood BI were also found to be associated with introver-
sion among adults.

In a third adult sample (N ¼ 55), the authors focused on
brain phenotypes thought to mediate anxiety proneness:
amygdala and insula reactivity during emotion processing
(e.g., Killgore & Yurgelun-Todd, 2005; Schwartz, Wright,
Shin, Kagan, & Rauch, 2003; Stein, Goldin, Sareen, Zorrilla,
& Brown, 2002; Stein, Simmons, Feinstein, & Paulus, 2007).
The alleles previously associated with BI and introverted per-
sonality were also associated with increased left amygdala
and bilateral insular cortex activation in response to emotional
faces.

The relevance of RGS2 to pathologic anxiety is supported
by several studies that have reported association to a variety of
anxiety disorders, including GAD, PD, and PTSD (Amstad-
ter et al., 2009; Koenen et al., 2009; Leygraf et al., 2006;
Mouri et al., 2009; Otowa et al., 2011), although the associ-
ated alleles have not been consistent across studies and the
samples examined have been relatively small. Additional in-
direct evidence comes from a recent report that a SNP in mi-
croRNA-22, an epigenetic regulator of RGS2, is associated
with PD (Muinos-Gimeno et al., 2011).

The RGS2 story is one illustration of a strategy in which
developmental precursors of anxiety, such as heritable tem-
peramental traits, were used as intermediate phenotypes in
genetic studies. A crucial next step in this approach is to
test the association of identified genetic variants with the
anxiety disorder of interest because it is possible that a ge-
netic variant could be associated with temperament but not
related anxiety disorders (Kendler & Neale, 2010). Studies
attempting to demonstrate an association with the disorder
of interest may require larger sample sizes than the original
intermediate phenotype study because of the expected in-

crease in phenotypic and etiologic heterogeneity in clinical
samples.

Latent modeling of the multidimensional anxiety
phenotype

Another approach to investigating complex, multidimen-
sional anxiety phenotypes is to utilize statistical approaches
that can model multiple outcomes. This could be done, for ex-
ample, by constructing a latent phenotypic factor from the
anxiety disorders known to share genetic underpinnings in
the developmental period being considered (see Figure 2).
The latent factor score could then be used in genetic analyses
as a quantitative measure of “anxiety liability.” Although
there is a rich tradition of latent modeling approaches in be-
havioral research, many of these methods have not been
widely integrated into psychiatric genetic research (for exam-
ples, see McGrath et al., in press; Medland & Neale, 2010;
Middeldorp et al., 2010). Here, we focus specifically on struc-
tural equation modeling (SEM) approaches (see Kline, 2005;
Loehlin, 2004).

SEM provides several advantages for genetic research, in-
cluding (a) reduction of measurement error, (b) the ability to
test for genetic effects on means and covariance, and (c) de-
velopmental modeling. First, reduction of measurement error
may increase power to detect genetic signals (Schulze &
McMahon, 2004). Second, a latent phenotypic model can
be used to test for genetic effects on the means of the latent
factors as well as on the covariance structure among the anx-
iety disorders or traits that are modeled. The issue of covar-
iance differences as a function of genotype is of particular
relevance to neuropsychiatric phenotypes, where subgroups,
or specific clusters of behavior, may be expected as a function
of genotype (e.g., Craddock, O’Donovan, & Owen, 2006;
Wessman et al., 2009). In other words, SEM models can
test the hypothesis that subsets of anxiety disorders are
more or less correlated as a function of genotype, allowing
for the identification of genetically meaningful subgroups.
For example, individuals with a specific genetic variant could
be at increased risk for comorbid panic and agoraphobia com-
pared to those without the variant. If this is the case, the cor-
relation between panic and agoraphobia would be stronger
among those with the risk variant. This application of SEM
to investigate genetic differences in covariance has been
vastly underexplored in psychiatry.

Third, SEM can take advantage of longitudinal data to ex-
tract stable traits over time and to explicitly model develop-
mental trajectories. Here, we point out that SEM can incorpo-
rate developmental information by permitting changing
weights on the diagnoses and dimensions contributing to a la-
tent anxiety liability factor at different time points. For exam-
ple, separation anxiety may be a stronger indicator of anxiety
liability in early childhood compared to PD, which has a low
prevalence at this development stage. However, in late ado-
lescence, the opposite pattern may be expected. Figure 2b
illustrates a potential phenotypic model for anxiety disorders
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in childhood and late adolescence, where stronger indicators
are bolded. The genetic association analysis can then be con-
ducted with the empirically derived, developmentally sensi-
tive latent factors as the phenotype. This latent model ap-
proach diminishes the multiple-testing burden that would
result if each anxiety diagnosis were tested individually.

In a study illustrating the incorporation of SEM in genetic
analyses, Middeldorp et al. (2010) studied child/adolescent
(N ¼ 1,240) and adult (N ¼ 1,943) participants who received
repeated measures of anxious/depression symptoms. In both
samples, a single latent anxious depression factor was modeled
that incorporated multiple raters and time points. The heritabil-
ity of the latent anxious depression factor was found to be
higher (h2 � .60–.70) than the individual anxious depression
measures (h2 � .40–.50), as expected based on the increased
reliability of the latent factor. After multiple-testing correction,
the authors did not find any significant associations with a set
of candidate genes chosen based on previous literature (seroto-
nergic and neurotrophic genes). Nevertheless, we concur with
the authors that the latent modeling approach will be quite val-
uable for future genome-wide analyses because it can harness
the reliable variance in anxiety measures across raters and time
points (Middeldorp et al., 2010).

Developmental trajectories as phenotypes

Repeated measures can also be used to explicitly model de-
velopmental trajectories over time using SEM and other mod-
eling approaches (Grimm, Ram, & Hamagami, 2011; McAr-
dle, Nesselroade, Schinka, & Velicer, 2003; Muthen, 2001).
Consistent with a developmental psychopathology orienta-
tion (Cicchetti & Toth, 2009), research on childhood internal-
izing disorders has explored developmental trajectories asso-
ciated with psychopathology (e.g., Carter et al., 2010;
Duchesne, Larose, Vitaro, & Tremblay, 2010; Letcher, San-
son, Smart, & Toumbourou, 2012). The idea of using devel-
opmental trajectories as phenotypes for psychiatric genetic
studies is more novel (for examples, see McQueen et al.,
2007; Petersen et al., 2012; Sakai et al., 2010), and new
methods are emerging (Das et al., 2011; Kerner, North, &
Fallin, 2009).

By examining phenotypic stability and change over time,
trajectories are more informative than cross-sectional assess-
ments that may be sensitive to normative anxiety patterns and
transient environmental influences. For example, there are
normative developmental peaks in anxiety, such as a period
of separation distress and stranger wariness in toddlerhood
and a period of increased concern regarding peer rejection
in adolescence (Beesdo et al., 2009; Costello et al., 2005).
Moreover, through the life span, bouts of anxiety in response
to specific triggers can be normative responses. Thus, studies
relying only on cross-sectional assessments of anxiety may
capture variation that reflects transient factors rather than an
underlying genetically influenced diathesis.

There are several approaches to incorporating develop-
mental trajectories into genetic analyses. For example, using

linear growth curve models, the rate of change of a phenotype
over time (i.e., slope) can be estimated for each individual in
an analysis. This slope parameter can then be used as a quan-
titative phenotype in genetic studies. The question being
tested by such an analysis is whether there are genetic variants
that are associated with a more accelerated increase in anxiety
symptoms over time. Nonlinear growth curve models are
more complex than linear models but may map more closely
to developmental patterns in the data (Grimm et al., 2011). A
different approach is to cluster individuals with similar devel-
opmental trajectories. Across phenotypic studies there have
been diverse trajectories identified, but there is converging
support for low, low-increasing, moderate, and stable high
anxiety trajectories (Cote, Tremblay, Nagin, Zoccolillo, &
Vitaro, 2002; Duchesne et al., 2010; Duchesne, Vitaro, Lar-
ose, & Tremblay, 2008; Feng, Shaw, & Silk, 2008; Letcher
et al., 2012; Marmorstein et al., 2010; Figure 3). A variety
of methods can be used to derive clusters (e.g., Muthen,
2002; Nagin, 1999), which can then be used as phenotypes
for genetic studies.

In a recent illustration of this approach, Ernst et al. (2011)
used data from a longitudinal cohort representative of the
Quebec general population. Individuals were randomly se-
lected for participation when they were in kindergarten. An-
nual ratings of anxiety traits from 6 to12 years old were used
to cluster 640 individuals into five different developmental
trajectories: high, moderately high, decreasing low, low,
and very low. In early adulthood (21–23 years), the partici-
pants were reassessed with personality measures and a psy-
chiatric diagnostic interview.

The study examined a functional 11-base pair deletion in
tropomyosin-related kinase B (TRKB, also known as neuro-
trophic tyrosine kinase receptor type 2 gene), a receptor for
BDNF that is involved in synaptic modeling, neurodevelop-
ment, and cell signaling (Ernst et al., 2011), and has been im-
plicated in mouse (Bergami et al., 2008) and human anxiety
(Ernst et al., 2009). Results showed that children in the high
and moderately high trajectory clusters were more likely to
carry the deletion (4.1%, 4.0%, respectively) than those in
the decreasing low, low, or very low clusters (0%, 0.6%, or
0%, respectively). In early adulthood, individuals carrying
the deletion had higher trait anxiety scores and an approxi-
mately threefold increased odds of GAD and PD. The results
suggest that individuals carrying a deletion in TRKB are at in-
creased risk for anxiety pathology from childhood through
early adulthood (Ernst et al., 2011). While replication is
needed to validate this association, the study illustrates the
utility of using developmental trajectories as phenotypes for
genetic studies, a strategy that could be scaled to accommo-
date genome-wide association data.

Conclusions

Progress in anxiety genetics has lagged behind many of the
other psychiatric disorders, in part because of a predominant
focus on candidate genes and insufficient sample sizes. These
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limitations could be addressed by large-scale collaborations to
assemble anxiety samples for GWAS and other genome-wide
investigations. However, the phenotypic complexity of anxiety
disorders or traits also presents real challenges for genetic stud-
ies that will not be automatically addressed by collaborative
sample collections. Innovative phenotypic techniques may be
necessary to maximize the impact of emerging genetic re-
sources for anxiety. Fortunately, there is a rich literature on
the psychiatric and genetic epidemiology of anxiety disorders
that can guide more sophisticated phenotyping approaches.
Data on the early onset and chronic course of anxiety, shared
genetic risk factors among specific clusters of disorders, and

developmentally dynamic genetic influences have yet to fully
inform phenotypic models for genetic studies. These findings
support a shift in thinking away from standard, single disorder,
case-control studies in adults to a more developmental, multi-
variate perspective on study design and phenotyping. In this re-
view, we have proposed three developmentally sensitive phe-
notyping approaches: (a) examination of early temperamental
precursors of anxiety, (b) latent modeling of the multidimen-
sional anxiety phenotype, and (c) examination of develop-
mental trajectories. Given that large-scale anxiety genetic stud-
ies are currently being pursued, this is an opportune time to
consider new phenotypic approaches.
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