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Abstract

This study uses novel approaches to examine genetic and environmental influences shared
between childhood behavioral inhibition (BI) and symptoms of preadolescent anxiety disorders.
Three hundred and fifty-two twin pairs aged 9-13 and their mothers completed questionnaires
about Bl and anxiety symptoms. Biometrical twin modeling, including a direction-of-causation
design, investigated genetic and environmental risk factors shared between Bl and social,
generalized, panic and separation anxiety. Social anxiety shared the greatest proportion of genetic
(20%) and environmental (16%) variance with Bl with tentative evidence for causality. Etiological
factors underlying Bl explained little of the risk associated with the other anxiety domains.
Findings further clarify etiologic pathways between Bl and anxiety disorder domains in children.
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First characterized by Kagan and colleagues, childhood behavioral inhibition (BI) is a
temperamental trait whereby children express shyness, restraint or other negative effect in
response to novel people, objects or environments (Fox et al., 2005; Garcia Coll et al., 1984;
Kagan et al., 1988). Roughly 20% of children initially scored as having high BI continue to
exhibit elements of inhibition as they age into adolescence (Kagan, 2012), and
approximately 40% later develop social anxiety (Clauss et al., 2015; Clauss & Blackford,
2012). While Bl is a well-documented risk factor for later social anxiety disorder in
adolescents and adults (Chronis-Tuscano et al., 2009; Clauss & Blackford, 2012; Essex et
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al., 2010; Hirshfeld-Becker et al., 2007, 2008; Kagan et al., 1988; Muris et al., 2011,
Schwartz et al., 1999), it has also been associated with other forms of anxiety-related
psychopathology such as specific phobia, panic disorder, separation anxiety, generalized
anxiety and avoidant disorder earlier in childhood (Biederman et al., 2001; Dyson et al.,
2011; Frenkel et al., 2015; Muris et al., 1999; Paulus et al., 2015). Development is complex,
with many possible branching points and outcomes, but a hypothetical example could be that
a child with elevated BI presents as more generally anxious during childhood. However,
when they get to middle school, a time of increased social pressure, social anxiety symptoms
become more prominent, and they are diagnosed with social anxiety disorder as an
adolescent. Conversely, it is possible for a child to exhibit elevated Bl and continue on a
linear progression to develop later social anxiety. However, as they age further, they may
learn to hide or better manage many of their symptoms and not meet criteria for a diagnosis.
Thus, the overall goal of the present study was to clarify the etiological relationship between
childhood BI and preadolescent anxiety domains using novel genetic epidemiological
approaches.

Bl has been well studied from developmental and clinical perspectives over the past three
decades, but genetic epidemiological approaches have been underutilized. Past studies of
singletons have examined childhood and/or adolescent and adult ages (i.e., Chronis-Tuscano
et al., 2009; Frenkel et al., 2015; Schwartz et al., 1999), leaving preadolescence less well
understood from a developmental perspective. Prior twin studies have reported moderate
heritability through age 2 for Bl (42-56%; Emde et al., 1992; Plomin et al., 1993; Robinson
et al., 1992) and similar estimates for all childhood anxiety disorders (28-60%; Lahey et al.,
2011; Ogliari et al., 2006, 2010; Scaini et al., 2014). However, no twin studies have directly
examined the sources of shared genetic and environmental risk factors between Bl and
anxiety disorders in children. Further, a twin design allows for the examination of possible
causal pathways from Bl to strongly related anxiety domains even using a cross-sectional
design. Pertinently, there is ongoing debate as to whether Bl is a distinct construct or simply
an earlier version of social anxiety (Clauss & Blackford, 2012).

Preadolescence is a key time to study this shared risk, as symptoms of anxiety disorders are
common but largely still at preclinical levels (Rapee et al., 2009; Rapee & Spence, 2004).
Understanding this shared risk would complement prior work by further elaborating the
etiology of anxiety disorders from a transdiagnostic, genetic perspective (i.e., Kagan et al.,
1999; Rapee & Spence, 2004) and possibly inform future prevention/intervention efforts.
The current study specifically addresses two key knowledge gaps regarding the shared
etiologic pathways between childhood Bl and related anxiety domains by dissecting their
developmental and phenotypic relationships at the genetic epidemiological level. The first
aim of this study was to clarify the exact relationship between Bl and key anxiety domains.
For example, previously reported associations between Bl and generalized anxiety,
separation anxiety or panic symptoms (Biederman et al., 2001; Dyson et al., 2011; Frenkel
et al., 2015; Muris et al., 1999; Paulus et al., 2015) may be indirect effects of correlations
between these symptoms and social anxiety rather than a direct result of shared genetic and
environmental effects. The second aim was to disaggregate the overlapping sources of
liability between the anxiety domains for which Bl shares the most genetic and
environmental variance. Specifically, it will be tested whether shared genetic and
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environmental factors are simply correlational, or if evidence for causal pathways can be
identified.

Materials and methods

Participants

Measures

Families consisting of at least one parent and two twins between the ages of 9 and 13 were
recruited from the Mid-Atlantic Twin Registry (Lilley & Silberg, 2013). They were enrolled
as part of the Virginia Commonwealth University Juvenile Anxiety Study between January
2013 and March 2016, which met all ethical and Institutional Review Board requirements
for conduct and consent (Carney et al., 2016). During an in-person laboratory visit, child
participants were administered an array of experimental tasks and survey instruments that
probed constructs putatively related to the development of anxiety and other internalizing
disorders. Their parents completed survey measures about their children’s and their own
behavior, emotions and life experiences. A portion of families were invited back for a second
laboratory visit 2—4 weeks later to collect reliability data on all measures. Primary analyses
in the current study were restricted to the first of two laboratory visits, with parent measures
further restricted to maternal reports (89%). The final analytical sample included 352
families and 704 children (Mge = 11.22; SDyqe = 1.41; female = 53%; monozygotic [MZ] =
114 pairs; dizygotic [DZ] = 238 pairs; 88% of full sample). This sample did not differ from
the full sample on included demographic or clinical variables. To reduce genetic variance for
future association studies, the sample recruited only Caucasian participants (see Carney et
al., 2016 for a more detailed discussion).

Two measures were included in the current study: a retrospective version of the Behavioral
Inhibition Questionnaire (BIQ; Bishop et al., 2003) and the Screen for Child Anxiety
Related Emotional Disorders — Parent and Child Versions (SCARED; Birmaher et al.,
1997). A series of preliminary analyses confirmed their validity, reliability and appropriate
usage in the primary analyses as discussed below.

BIQ—The BIQ is a comprehensive, 30-item questionnaire completed by parents to report on
their child’s recent behaviors related to BI. It has previously demonstrated reliability and
validity (Bishop et al., 2003; Broeren & Muris, 2010) and adequate correlation with the gold
standard behavioral assessment of Bl (= .46 among maternal raters, Bishop et al., 2003;
74% agreement rate, Hudson & Dodd, 2012). The BIQ has been successfully used in
multiple studies of inhibition and anxiety in childhood, including assessing their
neurophysiological and cognitive underpinnings (Clauss et al., 2016; Fu et al., 2015;
Morales et al., 2017; Taber-Thomas et al., 2016), predicting anxiety symptoms (Edwards et
al., 2010) and evaluating early interventions (Kennedy et al., 2009).

For the current study, we included a retrospectively worded version of the BIQ in which the
parents of preadolescents reported on behaviors related to Bl when their child was between
the ages of 2 and 6 (i.e., early childhood). We confirmed the reliability, validity and factor
structure of this slightly modified version of the instrument in the current sample. Overall fit
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for the factor structure was comparable to that found in previous examinations of the BIQ
(see Supplemental Table S1; Bishop et al., 2003; Broeren & Muris, 2010; Kim et al., 2011;
Vreeke et al., 2012); it also demonstrated appropriate reliability in a subset of /=228 in
this study (Cronbach’s alpha = .96; intraclass correlation for test—retest reliability = .87;
95% CI = .84, .89) and convergent and divergent validity. For consistency with other studies
using the BIQ (Clauss et al., 2016; Fu et al., 2015), the total sum score was used in all
analyses.

SCARED—The SCARED assesses anxiety disorder symptoms in children over the past 3
months via five subscales (social, generalized, separation, panic and school avoidance),
where the first four are related to diagnostic syndromes and were used in these analyses. It
has shown acceptable internal consistency (a. =.90-.94) and test-retest reliability (r=.70-.
90) in both prior studies and the current one (Birmaher et al., 1997; Carney et al., 2016). We
collected both parent and child responses to the SCARED since both types of report for any
form of psychopathology are limited and potentially biased (De Los Reyes & Kazdin, 2005).
As expected, parent-rated BI more strongly correlated with parent-rated than child-rated
recent anxiety (see Supplemental Table S2), yet preadolescent children potentially offered
additional insight into their own symptomology. Information was combined across raters by
including the average of the parent and child SCARED sum scores for each subscale in the
analyses with parent-rated Bl (see “Analyses” and “Results” below for analytic rationale).

Primary statistical analyses were performed with the R software package (version 1.0.136; R
Development Core Team, 2015) and twin analyses in OpenMx (OpenMx Development
Team, 2011).

Descriptive statistics—The mean, standard deviation and range were calculated for each
phenotype. Pearson correlations estimated the within-individual (i.e., phenotypic)
associations between anxiety clusters and Bl. MZ and DZ twin correlations were calculated
individually for each phenotype as well as the cross-twin, cross-trait correlations between
phenotypes. This information roughly predicts how the variance of the measures will
decompose at the univariate and multivariate levels (Neale & Cardon, 1992).

Biometrical modeling overview—Biometrical structural equation modeling (SEM,;
Neale & Cardon, 1992) was performed to fit selected twin models to the phenotypes of Bl
and each anxiety subscale. In this process, the variance was decomposed into additive
genetic (A), shared (familial) environmental (C) and unique environmental (E) factors
contributing to the phenotype(s) in each model. The A covariance reflects the additive effect
of individual alleles at genetic loci influencing a trait. On average, MZ twins shared 100% of
their segregating genes, whereas DZ twins shared 50%, so the A factor contributed twice as
much to the MZ twin correlation. The C covariance reflects environmental influences that
make family members more alike compared with random pairs of individuals, and
contributes equally to the MZ and DZ correlations. The E variances are uncorrelated
between twins and reflect the aspects of the environment that are specific to each individual;
it also includes measurement error. Beginning with full twin SEM in which all three (ACE)
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components were included, a series of nested submodels were tested in which paths of
interest (A, C or both) were constrained to zero to examine their contributions to the
phenotype. Model fit was compared using the likelihood ratio test (Wilks, 1938) and Akaike
information criteria statistic (Akaike, 1987). These statistics tested whether there was a
significant decrease in model fit after parameters in the full model were constrained to zero,
indicative of the importance of the constrained parameter(s).

Due to the fact that both children and parents rated the SCARED but only parents rated the
BIQ, a multiple rater model was tested to examine and reduce potential rater bias for the
SCARED prior to the primary analyses. Specifically, parent and child SCARED scores were
included as indicators for a latent “anxiety” variable in the univariate SEM. This was done
for each anxiety symptom cluster (social, generalized, separation and panic), and two
models per cluster were tested: one where parent and child scores were allowed to freely
load on the latent variable, and another where they were constrained to be equal. The best-
fitting model was used in all further analyses to index each anxiety symptom cluster,
respectively. Additionally, sex was treated as a covariate in all biometrical models due to its
known association with various anxiety domains.

Primary analyses—*For the first aim, biometrical SEM was used to fit a multivariate
Cholesky decomposition of Bl and all anxiety clusters to assess which etiological factors
were shared between the phenotypes. The order of the clusters in the model was based on
the strength of the phenotypic associations between each cluster and BI. At the multivariate
level, each source of variance (A, C and E) was estimated as well as its contributions to the
covariance between phenotypes. A series of nested submodels tested whether the shared
covariance paths could be eliminated from the model, again comparing likelihood ratio test
and Akaike information criteria fit statistics.

As part of the second aim, a direction-of-causation model was utilized to further explicate
the relationship between Bl and anxiety constructs with which it shared substantial variance
(as revealed from the multivariate biometrical model in the first aim). Traditionally, the
direction-of-causation models requires longitudinal or experimental data to show causality.
In a cross-sectional, biometrical context, the direction-of-causation models leverage known
differences between MZ and DZ twins’ shared genetics and environments. Specifically,
these models utilize cross-twin, cross-trait correlations across three unique sources of
variance (A, C, E or dominance [D]) (Gillespie & Martin, 2005; Heath et al., 1993; Verhulst
& Estabrook, 2012). To the extent that the sources of variance differ across the phenotypes
(or that the magnitudes of the same sources of variance differ substantially), inferences can
be made about whether a beta regression coefficient (as opposed to a correlation) best
explains the relationship between two phenotypes. This was tested via five scenarios that
were nested within a full Cholesky decomposition model (see Figure 1; Verhulst &
Estabrook, 2012): (a) phenotype 1 causes phenotype 2, (b) phenotype 2 causes phenotype 1,
(c) reciprocal causation between phenotypes, (d) an external factor causes both (correlated
liabilities), and (e) no association between the two phenotypes. Additionally, the proportion
of variance accounted for in the ‘outcome’ phenotype in each direction-of-causation model
was estimated and compared with the proportion of variance accounted for by the default
correlated liability model (here, the bivariate Cholesky decomposition). The direction-of-
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causation model was then compared with a correlated liability model (i.e., a bivariate
Cholesky decomposition with shared sources of variance) using likelihood ratio test and
Akaike information criteria fit statistics.

Correlations and heritability estimates

For all anxiety clusters, parent and child SCARED scores could be constrained to be equal
in their multiple indicator models (see Supplemental Table S3). In other words, the average
of the parent and child SCARED sum scores provides a reasonable representation of these
anxiety domains for analyses with parent-rated Bl and were used in all analyses. Within-
person correlations among Bl and each anxiety domain were consistent with the past
findings (see Table 1; Dyson et al., 2011; Muris et al., 1999; Paulus et al., 2015). Consistent
with prior reports, childhood Bl had the strongest association with preadolescent social
anxiety symptoms (r=.57; p<.001) and smaller but significant correlations with generalized
anxiety, separation anxiety and panic symptoms(r=.11-.18; p< .05).

All twin correlations for Bl and each anxiety domain were significant except for the DZ
correlations for Bl and social anxiety symptoms (see Table 2 for these data and other
descriptive statistics on these measures). For some scales, the DZ correlations were less than
half of the MZ correlations, indicating possible influence of non-additive genetic factors
such as genetic dominance or epistasis (denoted by D). ADE models that estimate non-
additive genetic influences were tested but did not significantly improve model fit over ACE
models for any of the phenotypes tested. This was unsurprising, as the power to detect non-
additive genetic variance factors has been typically poor in practical twin sample sizes
(Martin et al., 1978). The magnitudes of the remaining correlations indicated the possibility
of both genetic and common environmental contributions to the variance of each phenotype.
The cross-twin, cross-trait genetic correlations followed the same patterns of weaker cross-
twin DZ correlations across phenotypes (see Supplemental Table S4).

Heritability estimates were calculated for each phenotype within the multivariate Cholesky
decomposition (see below) to assess consistency with past literature. The estimated
heritability of retrospective childhood BI was higher than that of concurrent Bl in toddlers
(see Table 3; /2 = .76; confidence interval = .65-.84; Emde et al., 1992; Plomin et al., 1993;
Robinson et al., 1992). For the anxiety clusters, heritability estimates were slightly different
than previously reported (Lahey et al., 2011; Ogliari et al., 2006, 2010; Scaini et al., 2014)
except for social anxiety, which was consistent with the past studies (## = .52). Specifically,
heritability was slightly lower for generalized anxiety (/2 = .49) and slightly higher for both
separation anxiety (/2 = .62) and panic (/# = .68).

Relationship between Bl and all anxiety clusters

The phenotypic ordering in the multivariate model was based on decreasing magnitude of
correlations found between Bl and each anxiety domain (Table 1): BI, social anxiety,
generalized anxiety, separation anxiety and panic (see Table 3, Figure 2 and Supplemental
Table S5).
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Consistent with past findings for each individual phenotype, only additive genetic (A) and
unique environment (E) significantly contributed to this multivariate relationship (Lahey et
al., 2011; Ogliari et al., 2006, 2010; Robinson et al., 1992; Scaini et al., 2014). At least some
proportion of the genetic or environmental risk of each anxiety cluster was shared with Bl
(see Figure 2). Specifically, social anxiety shared the most of its variance with Bl (A = .20;
E = .16), followed in smaller magnitudes by generalized anxiety (E = .07), separation (E =.
05) and panic (E = .01).

There was also significant shared variance between the anxiety clusters (see Table 3),
although not as much as previously reported in this age group (Ogliari et al., 2010).
Generalized and separation anxiety shared the most genetic variance (A = .14), while social
and generalized anxiety shared the most environmental variance (E = .04). A Cholesky
decomposition of the anxiety measures alone revealed that, except for social anxiety, these
lower between-domain covariance estimates were not due to residual covariance accounted
for by including BI in the model (see Supplemental Table S6).

Relationship between Bl and social anxiety

Due to the modest but significant amounts of additive genetic and unique environmental
variance shared between Bl and social anxiety but not with other anxiety clusters, the
direction-of-causation model was only tested between these two phenotypes. This model
with social anxiety symptoms regressed onto Bl fit significantly better than the other
direction-of-causation models tested (BI regressed onto social anxiety, joint causation, no
association), notably ruling out these other three possibilities as explanations for the
relationship between Bl and social anxiety. When compared with the correlated liabilities
model, which represents an external unmeasured factor causing both phenotypes, the model
with BI causing social anxiety was not significantly worse; it estimated a small but notable
regression coefficient (B = .047; see Table 4, Figure 1 and Supplemental Table S7). Both
models had comparable parameter estimates and fit indices, making it important to assess
the amount of social anxiety’s variance accounted for by Bl in each model to further explain
their relationship from a genetically informed perspective.

Bl in both models accounted for a similar proportion of social anxiety’s variance.
Specifically, 37% of social anxiety’s variance (24% of the A and 13% of the E variance) was
accounted for by Bl in the correlated liabilities model compared with 38% (30% of the A
and 8% of the E variance) in the direction-of-causation model. Taken together with their
comparable fit to these data, this implies that a direction-of-causation model with a single
beta coefficient from Bl to social anxiety symptoms modestly informs their relationship
beyond the correlated risk structure.

Discussion

Using novel approaches that complement existing developmental research, the current study
examined the shared genetic and environmental influences between Bl and anxiety
symptomology. The first aim of the study sought to clarify the etiology between Bl and
related anxiety domains, and the second examined the potential causality between Bl and the
anxiety domain(s) with most substantial genetic and environmental overlap with Bl from the
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first aim. Findings explicate prior reported phenotypic associations of Bl with various
anxiety symptoms in childhood and its role as a particular risk factor for later social anxiety.
It was found that retrospectively reported childhood Bl shared both genetic and
environmental variance with preadolescent social anxiety symptoms, but there was little to
no genetic overlap between Bl and other domains of anxiety symptomatology. Tentative
evidence was also found for causality between Bl and social anxiety.

These findings clarify that associations between childhood Bl and preadolescent anxiety
symptoms other than social anxiety are primarily a function of shared environmental
influences and not simply indirect effects from the correlations between social anxiety and
other anxiety clusters. The residual variance of social anxiety increased when Bl was taken
out of the model, but the genetic and environmental components for the rest of the anxiety
clusters and their interrelationships remained unchanged. This implies that associations
found in the model that included BI are fairly robust. If the relationship between Bl and the
other clusters was due to correlations with social anxiety, then their variance components
should have differed in the model without BI. Given the generally more stable effects of
genetic-versus-environmental influences across development, this finding helps clarify the
more robust, longitudinal relationship seen between early Bl and later social anxiety
disorder compared with other anxiety disorders.

Further, there is tentative evidence that the relationship between Bl and social anxiety is
causal. A significant proportion of the variance of preadolescent social anxiety symptoms
was explained by childhood B, specifically about a quarter of the additive genetic variance
and a tenth of the unique environmental variance. While it had been previously shown that
about 40% of children with Bl later develop social anxiety (Clauss et al., 2015; Clauss &
Blackford, 2012), the current findings suggest a particularly strong, etiologically relevant
link. Our twin direction-of-causation model provided a potential approach for distinguishing
correlation and direct causation between etiological sources of covariance between Bl and
social anxiety. The model fits were not significantly worse, and variance estimates were on
par with those of the correlated model, implying that either is an appropriate way to
represent the relationship between Bl and social anxiety disorder. The direction-of-causation
model provides an etiologically informed twin version of a linear regression, bridging the
gap between genetically informed and behavioral-based studies.

These findings contribute to two key threads in the Bl and social anxiety literature. There
has been a long-standing debate regarding the developmental distinction between Bl and
social anxiety disorder (Clauss & Blackford, 2012). The current study adds a genetically
informed perspective to this discussion by demonstrating that both shared genetic and
environmental factors partially, yet substantially, underpin the relationship between Bl and
social anxiety. This expands upon past longitudinal studies and expert reviews (Fox et al.,
2005; Kagan et al., 1999; Rapee & Spence, 2004). Importantly, these findings also suggest
that there are etiologic distinctions, supporting the hypothesis that these phenotypes are not
two measures of the same underlying construct.

In addition, these results add to the growing evidence that childhood Bl is a putative
endophenotype for later social anxiety. Endophenotypes are ‘intermediate’ phenotypes that
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lie in the etiological pathway between genetic variation and a disorder (Cannon & Keller,
2006; Gottesman & Gould, 2003). Bl has previously been shown to meet a subset of the
basic requirements as an endophenotype for social anxiety, including association with the
disorder and being itself heritable. The present study adds further support to these two
criteria and provides the first firm evidence for a third requisite criterion: co-segregation of
the two phenotypes within families (instantiated here as cross-phenotype correlations within
twin pairs). Furthermore, these results suggest that this familial coaggregation is primarily
due to additive genetic factors. This is the first study conducted on a substantially sized,
genetically informative sample that includes measures of both phenotypes since Kagan’s
longitudinal studies of Bl (Kagan et al., 1988).

There are additional potential strengths and insights provided by this study design. We
modified the BIQ to a retrospective parent report in an attempt to, at least partially, capture
the mother’s recollection of her child’s Bl at an earlier age. That version was shown to be
similarly reliable and valid as prior versions of the BIQ (however also see limitations
below). Additionally, treating the included phenotypes as quantitative traits provided unique
advantages. Statistical power to detect effects with this method was generally increased
compared with binary categories. The use of quantitative measures of psychopathology is
consistent with recent efforts by the National Institute of Mental Health to shift research
toward dimensional constructs that potentially cut across diagnostic boundaries (Cuthbert &
Insel, 2013; Insel et al., 2010). Finally, our finding suggests that retrospective parent report
of Bl assesses a strongly heritable form of inhibited temperament in this age group. This
adds genetic evidence to existing rationale for measuring Bl in early childhood and provides
further support that parent report is a viable approach to assessing the trait when direct
laboratory assessment is unavailable (Bishop et al., 2003; Smith et al., 2012).

The results of this study should be interpreted in the context of several limitations. First,
using a retrospective report of Bl could have limited the reliability and validity of the
measured trait due to recall biases such as parents of high-anxiety preadolescents reporting
higher levels of early Bl (McPhail & Haines, 2010). However, there is little evidence that
such potential bias in retrospective reports outweighs their utility (Hardt & Rutter, 2004).
This limitation, together with moderate stability of Bl over development (Fox et al., 2005),
suggests that our assessment likely provides a compromise between past and current
inhibition severity. Second, the use of the BIQ to index Bl only moderately aligned with Bl
obtained by behavioral observation methods. As already mentioned, however, the BIQ is a
reliable measure of inhibited temperament that has often been used in recent studies of Bl
(i.e., Bishop et al., 2003; Broeren & Muris, 2010; Clauss et al., 2016; Edwards et al., 2010;
Fu et al., 2015; Hudson & Dodd, 2012; Kennedy et al., 2009; Kim et al., 2011; Morales et
al., 2017; Taber-Thomas et al., 2016; Vreeke et al., 2012). Third, our findings may not be
generalizable to a wider population since the sample was made up of entirely Caucasian
participants selected to limit genetic variance for the larger aims of the study (Carney et al.,
2016). Fourth, twin direction-of-causation models ideally should examine phenotypes with
different sources of variance (Gillespie & Martin, 2005; Heath et al., 1993; Verhulst &
Estabrook, 2012). The sources of variance between Bl and social anxiety symptoms were
the same (additive genetics and unique environment) but of sufficiently different magnitudes
to make the model appropriate for use in the current study. Finally, the DZ correlations for
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Bl and social anxiety symptoms were low and not significantly different from zero (see
Table 2). This has also been reported in past studies in which Bl was assessed via behavioral
observation (Plomin et al., 1993; Robinson et al., 1992; Smith et al., 2012), suggesting this
may likely be inherent in various measures of BI. There are a few possible explanations for
this, which we address in the supplemental text.

Conclusions

This was the first study to examine the relationship between childhood Bl and a broad array
of preadolescent anxiety symptom clusters from a genetic epidemiological perspective. Of
the anxiety symptoms examined, only social anxiety shared a significant proportion of
genetic and environmental factors with childhood BI. It also found tentative evidence for a
potentially causal pathway that partially explains the relationship between these two
phenotypes, expanding extant knowledge about the progression of Bl and the etiology of
social anxiety. Current findings support and extend past research indicating that childhood
Bl is most robustly a risk factor for later social anxiety, despite associations with other
anxiety domains. They also suggest that childhood Bl and later social anxiety disorder are
related but distinct phenotypes, with early Bl functioning as a potential developmental
endophenotype for later social anxiety. While current treatment implications are unclear,
such research adds etiological insight into anxiety risk prediction that may be useful for
clinicians to consider. Future studies in this line of research could expand the clinical impact
of this work by informing clinicians’ treatment decisions. For example, the specific
mechanisms of the relationship between Bl and social anxiety need further exploration,
including the developmental progression to social anxiety disorder in adolescence. Such
knowledge can help to guide early intervention and prevention efforts aimed at social
anxiety outcomes in middle to late childhood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Full direction-of-causation model tested within a nested Cholesky decomposition model
(top). Final model found in the present study (bottom).
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Fig. 2.
Standardized path estimates from the final multivariate model depicting the shared paths

between Bl and anxiety symptom clusters and unique paths only (shared inter-anxiety paths
not included for simplicity but can be found in the supplementary material).
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Table 1.

Within-person correlations between Bl and anxiety symptom clusters

Measure 1 2 3 4 5

1. Behavioral inhibition —

2. Social anxiety .57 -

3. Generalized anxiety 18 40 —

4. Separation anxiety 5% 367 a4t —
5. Panic 1% 3 5 st —
Note:
*
p<.05;
*ok
p<.001.
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