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CHILDHOOD SEPARATION ANXIETY DISORDER
AND ADULT ONSET PANIC ATTACKS SHARE A
COMMON GENETIC DIATHESIS

Roxann Roberson-Nay, Ph.D.,'* Lindon J. Eaves, Ph.D.,"? John M. Hettema, M.D.,!

Kenneth S. Kendler, M.D.,!? and Judy L. Silberg, Ph.D.!»?

Background: Childhood separation anxiety disorder (SAD) is hypothesized to
share etiologic roots with panic disorder. The aim of this study was to estimate
the genetic and environmental sources of covariance between childbood SAD and
adult onset panic attacks (AOPA), with the primary goal to determine whether
these two phenotypes share a common genetic diathesis. Methods: Participants
included parents and their monozygotic or dizygotic twins (n = 1,437 twin pairs)
participating in the Virginia Twin Study of Adolescent Bebavioral Development
and those twins who later completed the Young Adult Follow-Up (YAFU). The
Child and Adolescent Psychiatric Assessment was completed at three waves during
childbood/adolescence followed by the Structured Clinical Interview for DSM-I11-
R at the YAFU. Two separate, bivariate Cholesky models were fit to childbood
diagnoses of SAD and overanxious disorder (OAD), respectively, and their rela-
tion with AOPA; a trivariate Cholesky model also examined the collective influ-
ence of childbood SAD and OAD on AOPA. Results: In the best-fitting bivariate
model, the covariation between SAD and AOPA was accounted for by genetic and
unique environmental factors only, with the genetic factor associated with child-
bood SAD explaining significant variance in AOPA. Environmental visk factors
were not significantly shared between SAD and AOPA. By contrast, the genetic
factor associated with childbood OAD did not contribute significantly to AOPA.
Results of the trivariate Cholesky reaffirmed outcomes of bivariate models.
Conclusions: These data indicate that childbood SAD and AOPA share a com-
mon genetic diathesis that is not observed for childbood OAD, strongly support-
ing the bypotbesis of a specific genetic etiologic link between the two phenotypes.
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INTRODUCTION

ein!!! first proposed that childhood separation anx-
iety disorder (SAD) was a precursor of panic disor-
der (PD), a condition that generally emerges in early
adulthood.l?! This “separation anxiety hypothesis” was
founded on retrospective reports of an association be-
tween childhood separation anxiety and adult PD, rela-
tive to other psychiatric groups. During the past three
decades, mixed evidence has emerged from three types of
studies that either support or challenge the possibility of
an etiologic link between SAD and PD; these studies ei-
ther examine retrospective report, the prospective course
of childhood SAD into adulthood, or parent—child ag-
gregation of PD-SAD.
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The strongest support for the developmental link be-
tween childhood SAD and adult onset PD comes from
prospective studies. In a follow-up study of 54 children
referred for treatment of SAD, 7% of individuals with a
history of SAD developed PD whereas no participant in
the comparison group developed PD.*) Moreover, no
other anxiety disorder was more prevalent in adults with
a history of SAD relative to comparison participants, al-
though the overwhelming majority of SAD children did
not develop PD. A second longitudinal study reinter-
viewed children (ages 9-13) approximately 7.5 years after
receiving treatment and observed a higher rate (27.8%)
of PD among children receiving a principal diagnosis
of childhood SAD compared to children with a primary
diagnosis of social phobia (SP; 12.5%) or overanxious
disorder (OAD; 14.3%).[* Although these studies sup-
port the SAD-PD connection, most of the participants
had not yet passed through the age of risk for PD (i.e.
mid-late 20s;1°1), which likely diminished the strength of
association between the two disorders. The most striking
support for a developmental link between SAD and PD
comes from a follow-up study of children at high and low
risk for PD and major depressive disorder (MDD) ascer-
tained through parent probands treated for PD, MDD,
or control parents (total n = 233;[91). Results indicated
that offspring with a history of childhood SAD were at
greatest risk for developing PD and agoraphobia, with
an OR of approximately 9.0. By comparison, odds of de-
veloping MDD were 3.2 for children with a history of
SAD.

Family studies examining parent—child transmission
provide only modest support for the SAD-PD hypothe-
sis. Several family aggregation studies document greater
frequency of SAD diagnoses among offspring of parents
with PD, relative to offspring of healthy parents,!”~1%]
These results appear relatively consistent, suggesting
that PD in a parent confers risk for development of SAD.
On the other hand, because SAD also has been linked
to parental MDD with some consistency, it may repre-
sent a nonspecific correlate of parental mood or anxiety
disorders.l”] Moreover, some studies link development
of PD to OAD;!!!l) and some retrospective studies link
chil[cllgood SAD to adult onset disorders besides PD (e.g.
SP;t<h.

The high-risk family design also has been used to study
carbon dioxide (CO,) sensitivity in offspring. Although
sensitivity to breathing CO;-enriched air has emerged
as a robust biological marker of PD,!!314 this sensitiv-
ity is not evident among offspring of parents with PD.
Rather, presence of a childhood anxiety disorder (includ-
ing SP, generalized anxiety disorder [GAD], and SAD)
is related to Acute Panic Inventory scores assessed in
response to CO, breathing, with anxious children re-
porting a significantly greater number of symptoms. 3]
In a second study, the interaction between offspring
SAD and parental PD was examined. Results indicated
that children with both risk factors manifest a ventil-
iatory response similar to that observed among adult
panic patients including heightened respiratory rate, de-

creased tidal volume, and increased number of panic-
like symptoms.['*] Thus, children with SAD, particu-
larly those of parents with PD, manifest CO; sensitivity,
which suggests this population is at increased risk for
development of PD.

Although family studies suggest some level of coag-
gregation of offspring SAD among parental PD, family
studies cannot distinguish between genetic and shared
environmental causes. Genetic and shared environmen-
tal factors can be disaggregated using twin methods,
however. Of the twin studies available, they suggest a
heritable component to SAD, with the genetic contri-
bution being higher for females (0.46-0.59) compared
with males (0.21-0.31) and unique environmental fac-
tors being more significant for males (0.69-0.92) relative
to females (0.41-0.55).["] These estimates are consis-
tent with other studies observing robust heritability es-
timates for anxiety symptoms in females compared with
males.!!%16] The adult PD literature also suggests that
only genetic (0.47) and unique environmental factors
(0.57) emerge as significant influences on PD.!'"] Collec-
tively, the extant literature largely supports the hypoth-
esized link between SAD-PD and, while SAD confers
risk for PD within individuals, risk appears to be higher
for oftspring of PD probands.

The current study utilizes the power of the twin de-
sign to determine whether genetic risk factors associated
with childhood SAD also relate specifically to develop-
ment of panic attacks in young adulthood. We define
our phenotype here as a lower bound of lifetime panic
attacks versus PD for several reasons: (1) most of the
adult twins in our sample had not yet passed through the
age of risk for PD; (2) individuals may carry a genetic
risk for a particular psychiatric syndrome that may not
be expressed at a diagnostic level, but may be detectable
at subthreshold levels; and (3) PD has a low lifetime
prevalence rate (approximately 1.5-3.5%; APA, 2000)
thereby decreasing the amount of information available
for complex twin modeling. Studies of nonclinical pan-
ickers also suggest several similarities with PD patients,
with nonclinical panickers reporting many of the same
symptoms as persons with PD.!8] Prevalence estimates
indicate that about 9-14% of the general population
report at least one DSM-defined panic attack in their
lifetime.!'"2°1 In our sample, approximately 10.6% of
respondents met DSM-IV criteria for panic attackg(s).
Of this 10.6%, approximately 6.75% met lifetime crite-
ria for panic attacks and 3.9% met the more stringent
PD criteria. Thus, our adult onset panic attack (AOPA)
phenotype includes a mix of persons experiencing panic
attacks and those meeting criteria for PD.

We predict that genetic factors associated with child-
hood SAD will influence AOPA. As a second step, we
will examine the relation between childhood OAD and
AOPA to determine whether SAD has a unique re-
lationship with PD relative to childhood OAD. We
predict that genetic factors associated with childhood
OAD will not contribute as strongly to AOPA as com-
pared to SAD. Finally, we will conduct a third analysis
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where we model childhood SAD, childhood OAD, and
AOQOPA in one model. We again predict a unique genetic
relationship between childhood SAD and AOPA in the
context of childhood OAD. Moreover, because child-
hood OAD shares diagnostic overlap with GAD, the re-
sults observed for OAD serve as a proxy for the relation
between childhood GAD and AOPA.

METHODS
PARTICIPANTS

Participants in this study included child respondents and their par-
ents who participated in the Virginia Twin Study of Adolescent Be-
havioral Development (VI'SABD). The VI'SABD was designed as an
epidemiological study of children and as an epidemiological study of
twins for genetically informative analysis. Childhood psychiatric data
comprise intensive, juvenile, and young adult longitudinal, multirater
(child, parent) clinical interview data in a large sample of male and fe-
male Caucasian twin pairs. Psychiatric outcomes assessed in twins and
their parents included symptoms; severity; impairment; and treatment
relating to a range of anxiety disorders, depression, conduct disorder,
oppositional-defiant disorder, attention-deficit hyperactivity disorder,
and substance use disorders. Parents also were queried about their
twins’ zygosity and the similarity of the twins’ early environment. All
interviewers received 3 weeks of intensive training, and all interviews
were audiotaped and reviewed by senior monitors. Regular meetings
were held to prevent interviewer drift and review other aspects of the
research protocol. A residential meeting also was held annually to en-
sure that the research protocol was being practiced in a standardized
format.

The total sample included 1,437 twin pairs (27.1% monozygotic
[MZ] temale, 16.1% dizygotic [DZ] female, 20.7% MZ male, 15.0%
DZ male, 21.0% opposite-sex DZ pairs). Three longitudinal waves
of the VI'SABD were conducted during childhood and adolescence.
The mean age was 12.35 years (+2.59; range 8.2-18.2) at the wave
one assessment, 13.58 years (£2.4; range 9.3-18.3) at the wave two
assessment, and 15.5 years (£1.6; range 12.0-18.0) at the wave three
assessment. About 6.45% (n = 176) subjects met lifetime criteria for
SAD based on a positive diagnosis from at least one of the three as-
sessment waves. Most youth were diagnosed with SAD at the wave
one assessment (80.1%), however, with few cases being diagnosed at
waves two (18.2%) and three (1.7%). About half (50.6%) of all chil-
dren receiving a diagnosis of SAD also met criteria for OAD at some
point in their lifetime. Approximately 19.6% (n = 563) of the sam-
ple met criteria for OAD at either wave one, two, or three. Of those
youth meeting criteria for OAD, 58.7% were diagnosed at wave one,
31.6% at wave two, and 9.7% at wave three. Participants with a pos-
itive history for SAD (29.5%) were more likely not to participate in
the Young Adult Follow-up (YAFU) compared to persons without a
history of SAD (22.4%). We used the maximum likelihood estimator
in our analyses, which is robust to this type of missingness. Moreover,
we used all available twin data (i.e. data of twins who did not participate
in the YAFU and data of twins whose cotwin did not participate).

Clinical information was assessed using the Child and Adolescent
Psychiatric Assessment (CAPA), a semistructured, investigator-based
psychiatric interview administered by separate interviewers to both
twins and at least one of the twins’ biological parents. The CAPA
evaluates a total of 15 areas of functional impairment associated with
specific symptom clusters. Items are rated on a 3-point scale (i.e. no,
partial, or severe impairment). Ratings are then aggregated within and
across symptom domains to arrive at an estimate overall level of im-
pairment associated with specific symptom clusters (e.g. depression)
and across all psychiatric symptoms.
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The YAFU study represents an outcome study of all the twins who
participated in the first wave of the VI'SABD. These twins were con-
tacted by phone and evaluated as young adults (i.e. age 18 or older)
using the Structured Clinical Interview for DSM-III-R (SCID).[2!]
The mean age at the single YAFU assessment was 21.4 years (£2.0;
range 18-27).

STATISTICAL ANALYSES

Within all twin models, SAD, OAD, and AOPA were binary vari-
ables (0 = no, 1 = yes). For childhood SAD and OAD, participants
were coded a “1” if they ever meet criteria for either respective dis-
order at the wave one, two, or three assessments. Participants were
coded as a “1” for AOPA if they endorsed the panic attack probe in
the PD section of the SCID, reported experiencing at least 4 of the 13
DSM-III-R panic attack symptoms, and reported their panic attack as
reaching peak intensity within 10 min of first noticing symptoms. Of
the twins who participated in the YAFU, approximately 265 of 2,275
(11.65%) individuals met our criteria for a panic attack.

We used bivariate and trivariate Cholesky decomposition to address
questions regarding the magnitude of genetic and environmental influ-
ences between childhood SAD and AOPA. Two or more traits, such
as childhood SAD and AOPA, can be correlated because they share
common genes and/or common environmental influences. Twin data
on multiple traits allows for the partitioning of the covariation be-
tween traits to be disaggregated into its genetic and environmental
components. The Cholesky decomposition is a statistical procedure
that allows for the disaggregation of covariance into three possible
sources including additive genetic (A), common (shared) environmen-
tal (C), and unique or nonshared environmental (E) components. We
also conducted a trivariate Cholesky, with childhood SAD, childhood
OAD, and AOPA serving as outcome variables in one comprehensive
model that allowed for the examination of the genetic and environmen-
tal influences associated with childhood SAD on AOPA in the context
of childhood OAD.

Figure 1 provides an illustration of the relations between the addi-
tive genetic component of twin 1 and twin 2 for phenotype 1 (SAD)
and phenotype 2 (AOPA). Correlations between twins for additive ge-
netic factors were fixed at 1 for MZ twin pairs, as they share 100% of
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Figure 1. Diagram depicting a bivariate Cholesky decomposition
of the additive genetic component. Al represents the additive
genetic component for phenotype 1 and A2 represents the ad-
ditive genetic component for phenotype 2 measured for twin 1
and twin 2. X1 represents phenotype 1 and Y1 represents pheno-
type 2. Al for Twin 1 and Twin 2 correlate 1 for MZ twins and
0.5 for DZ twins. Path estimate a21 reflects the additive genetic
contribution of phenotype 1 on phenotype 2.
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their genes, and 0.5 for DZ pairs as they share an average of 50% of
their genes identical by descent. Common environment correlations
between cotwins were fixed at 1 for both MZ and DZ pairs based on the
rigorous and frequent testing that has supported the assumption that
environments for MZ and DZ twins are comparable. By definition,
nonshared environment is uncorrelated in twins. Genetic modeling
was performed using the statistical package Mx!??] using maximum
likelihood estimation.

Full ACE (genetic, common, and unique environment) models,
which tested for quantitative and qualitative sex effects, were first ex-
amined, with the Akaike Information Criterion (AIC[?31) used to de-
termine the best fitting model. A lower AIC (i.e. more negative) value
represents a better balance between goodness of fit and parsimony.
Models with fewer parameters also are preferred if they do not result
in a significant deterioration of fit. The best fitting ACE model was
then simplified by successively eliminating parameters [i.e. submod-
els: AE (genetic and unique environment), CE (common and unique
environment)] to determine whether these factors contribute to phe-
notypic variance/covariance, resulting in improved model fit using the
AIC statistic.

Inclusion of both male and female same sex twins allows a test of
quantitative sex differences, i.e. whether the muagnitudes of genetic and
environmental effects differ in males and females for a specific trait
or disorder. This hypothesis is tested by constraining these effects to

be equal in males and females and examining degradation in model
fit. In addition, by including opposite sex twins, it is possible test for
qualitative sex differences, which test whether different genetic and
shared environmental effects are important for males and females. If
different genetic influences are important for males and females, then
opposite sex twins will be less genetically similar for the trait relative to
DZ same-sex twins and their genetic correlation will be less than 0.5.
This can be tested by allowing the genetic correlation for opposite sex
twin pairs (rg) to be freely estimated in the model, rather than being
fixed.[?4]

RESULTS

Results of all Cholesky decompositions are presented
in Tables 1 (bivariate) and 2 (trivariate). For all mod-
els, Model I always included specified pathways from
all latent variables (A;, Ci, E; and A;, C;, and E;), al-
lowed path coefficients to differ between the sexes (i.e.
quantitative sex effects), and freely estimated the genetic
correlation (rg; i.e. qualitative sex effects). Model II was
the same as model I except rg was fixed to 1 (i.e. no
qualitative sex effects). Model III was the same as Model
I except that male and female parameters were equated

TABLE 1. Results of the bivariate Cholesky decomposition for childhood SAD (top) and childhood OAD (bottom) and

AOPAs
Model parameters Sex effects quan/qual -2LL AIC df A-2LL AAIC
SAD and AOPAs 1. ACE +/+ 2,730.77 —7,221.23 4,976 — —
II. ACE +/- 2,730.29 —-7,223.71 4,977 — —
II. ACE —/+ 2,739.68 —7,226.32 4,983 — —
IV. ACE /- 2,741.61 ~7,226.39 4,984 — —
Submodels
V. AE" -/~ 2,741.67 ~7,232.33 4,987 —0.06 -5.94
VI.CE —/- 2,746.75 —7,227.25 4,987 +5.14 —-0.86
OAD and AOPAs 1. ACE +/+ 4,223.81 —5,836.19 5,030 — —
II. ACE /- 4,221.89 —5,840.11 5,031 — —
II. ACE —/+ 4,230.73 —5,843.27 5,037 — —
IV. ACE " 4,236.05 ~5,839.96 5,038 — —
Submodels
V. AE’ —/- 4,236.42 —5,845.58 5,041 —0.37 —5.62
VI.CE —/- 4,241.47 5,840.53 5,041 +5.42 —-0.57

Note: Qual, qualitative sex effects; Quan, quantitative sex effects; “+” the presence of either qualitative or quantitative sex effects; or

« »

their absence

from the model. The AE and CE models are nested submodels of the ACE model.

“The best fitting model.

TABLE 2. Results of the trivariate Cholesky decomposition for childhood SAD, childhood OAD, and AOPAs

Model parameters Sex effects quan/qual -2LL AIC df A-2LL AAIC
I.ACE +/+ 5,399.15 —10,078.85 7,739 — —
II. ACE +/- 5,397.99 —10,082.01 7,740 — —
III. ACE —/+ 5,412.94 —10,095.06 7,754 — —
IV.ACE —/- 5,416.31 —10,093.69 7,755 — —
Submodels

VIL AE’ —/- 5,416.63 —10,099.37 7,758 0.32 —5.68
VIII. CE —/- 5,423.55 —10,092.44 7,758 7.24 +1.25

Note: Qual, qualitative sex effects; Quan, quantitative sex effects; “+” the presence of either qualitative or quantitative sex effects; or

« »

their absence

from the model. The AE and CE models are nested submodels of the ACE model.

“The best fitting model.
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(i.e. no quantitative sex effects). While Model IV also
included all ACE parameters, male and female parame-
ters were constrained to equality, and the rg was fixed
at 1.

CHILDHOOD SAD AND AOPAs

The best fitting and most parsimonious of the four
models was Model IV, suggesting neither qualitative nor
quantitative sex effects. Next, two submodels (Models
V and VI) associated with Model IV were examined.
Model V includes the AE parameters only and deter-
mines whether dropping the C parameter (i.e. shared
environment) results in an improvement or worsening
of fit relative to the full ACE model (Model IV). Results
indicated that Model V, the AE model, resulted in im-
proved fitbased on the AIC (AAIC =-5.94), whereas the
model that included no genetic effects (CE; Model VI)
resulted in no significant change in model fit (AAIC =
~0.86).

Figure 2 provides the path coefficients for the best-
fitting AE model. Path estimates indicate that approxi-
mately 35% (0.59%) of the genetic variance in AOPA is
accounted for by the genetic factors for childhood SAD,
with no additional genetic contribution unique to AOPA
(0.001% = 0%) and little influence associated with unique
childhood environment (11% = 1.2%). Unique adult en-
vironment also was strongly predictive of adult onset
panic, accounting for a somewhat larger proportion of
variance (64%).

CHILDHOOD OAD AND AOPAs
Examination of AIC values for models examining

the relation of childhood OAD and AOPA indicate
that dropping qualitative sex effects results in im-
proved fit (i.e. Model II). Dropping quantitative sex
effects (Model III) also improves model fit. Dropping
both the qualitative and qualitative sex effects, how-
ever, does not result in even greater improvement of
fit, suggesting that there is likely something different
about males and females in the context of child-
hood OAD and AOPA, but our sample is underpow-
ered to detect this difference. Thus, the most parsi-
monious model (Model IV), which does not include
qualitative or quantitative sex effects was interpreted.
Two submodels (Models V and VI) associated with
Model IV were examined. Model V again includes the
AE parameters only and determines whether dropping
the C parameter worsens the fit relative to the full
ACE model (Model IV). Results indicated that the
AE model resulted in improved fit based (AAIC =
-5.94) whereas the CE model did not (AAIC = -
0.57).

Figure 3 provides the path coefficients for the best-
fitting AE model. Unlike SAD, path estimates for child-
hood OAD indicate that this childhood disorder did not
predict genetic variance in AOPA but, rather, there was
evidence of genetic factors unique to AOPA emerging,
explaining approximately 41% (0.64%) of the variance
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Figure 2. Path estimates from the best-fitting bivariate Cholesky
model for childhood SAD and AOPAs. “A,” additive genetic fac-
tors; “E,” nonshared environmental factors.
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Figure 3. Path estimates from the best-fitting bivariate Cholesky
model for childhood OAD and AOPAs. “A,” additive genetic fac-
tors; “E,” nonshared environmental factors.

in AOPA. Unique environment also strongly predicted
adult panic attacks, accounting for the largest portion of
variance (52%).

CHILDHOOD SAD, CHILDHOOD OAD, AND
AOPAs

For the trivariate Cholesky, which included child-
hood SAD, OAD, and AOPA, the AIC again indicates
that dropping the qualitative sex effect (Model II) and
quantitative sex effects (Model ITI), respectively, improve
model fit. Simultaneously dropping the qualitative and
qualitative sex effects, however, does not result in even
greater improvement of fit. Thus, the most parsimonious
model (Model IV), which does not include qualitative
or quantitative sex effects, was interpreted. Submodels
of Model IV suggested that the AE Model resulted in
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Figure 4. Path estimates for the best-fitting trivariate Cholesky model for childhood SAD, childhood OAD, and AOPAs. “A,” additive

genetic factors; “E,” nonshared environmental factors.

improved fit (AAIC = -5.68) whereas the CE model
resulted in a slight worsening of model fit (AAIC =
+1.25). Figure 4 presents path estimates thatlargely con-
firm previous findings of the bivariate models: childhood
SAD predicting significant genetic variance in AOPA
(36%) with unique environment being the other major
contributor, explaining 53% of the variance in AOPA.
Variables were ordered in the analysis to map onto
their typical developmental/temporal order (i.e. SAD
generally precedes OAD). Model results and path es-
timates did not fluctuate significantly when the order of
SAD and OAD was reversed.

DISCUSSION

We found evidence of a shared genetic diathesis be-
tween childhood SAD (versus childhood OAD) and
AOPA in a large general population twin sample. Specif-
ically, childhood SAD was uniquely, genetically asso-
ciated with development of AOPA whereas childhood
OAD was not. Collectively, our results implicate two
primary factors as being critical to the development of
panic attacks and, in part PD: genetic factors manifest
during childhood that are phenotypically expressed as
separation anxiety coupled with unique environmental
influences. Thus, our findings suggest that a genetic lia-
bility is set “in motion” during childhood, and this liabil-
ity contributes to development of panic in the presence
of environmental events experienced into adulthood.

Although results of the trivariate Cholesky decom-
position largely confirmed outcomes of the two separate
bivariate models, it also shed light on the genetic and en-
vironmental relation between the two childhood disor-
ders. Results suggested moderate (21%) shared environ-
mental risk between childhood SAD and OAD, with no
significant, shared genetic pathway. In a related manner,

while OAD was not genetically associated with AOPA,
this childhood syndrome did share about 10% unique
environmental risk with AOPA.

Longitudinal studies provide valuable information re-
garding the developmental unfolding and fluctuating na-
ture of psychiatric dysfunction. Current data suggests
that some disorders exhibit homotypic continuity, onset-
ting in childhood and continuing into adulthood with the
same symptom profile and clinical manifestation.[’! For
example, symptoms of SP in adolescence are highly pre-
dictive of similar symptoms in adulthood.?®) The pre-
diction of a disorder by a different disorder is referred
to as heterotypic continuity.!>’! Our results suggest het-
erotypic continuity between childhood SAD and adult
panic, and the mechanism that accounts for this conti-
nuity is that of a common genetic vulnerability.

The lack of different “genes” coming online in adult-
hood for AOPA was rather unexpected. For this reason,
a second set of analyses (supplemental Table 1) using
a threshold model was undertaken wherein participants
were coded as either having (1) no history of panic at-
tack, PD, (2) history of panic attack, or (3) history of
DSM-IV PD. We tested whether modeling the pheno-
type on a panic continuum would result in instability of
model outcomes. Regardless of the model (i.e. bivariate,
threshold), childhood SAD continued to contribute sig-
nificantly to the genetic factor associated with AOPA, ac-
counting for about 36% of the variance, and no different
genetic factors emerging into adulthood. Moreover, we
collectively examined childhood SAD, childhood OAD,
and AOPA in the context of a trivariate Cholesky and
again observed similar results to that of the original bi-
variate model, suggesting relative stability of the model
findings and bolstering our confidence in model results.

Little is known about the pathogenesis, course, and
nature of SAD. For this reason, theoretical models of
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SAD are virtually nonexistent. A developmental psy-
chopathology perspective that focuses on the ethologic
roots of SAD and its developmental trajectory is clearly
needed to guide clinical research questions. Because chil-
dren with SAD, such as PD patients, exhibit hypersensi-
tivity to cues of impending suffocation during exposure
to I'ISIIl% levels of CO;; Klein’s suffocation false-alarm
theory!”’l may have important implications in the un-
derstanding of this childhood disorder.

Limitations of the current study include a somewhat
low prevalence of AOPAs (for the purpose of twin mod-
eling) coupled with categorical outcomes. Future studies
could investigate continuous measures of SAD and PD
to estimate genetic and environmental sources of covari-
ation, which would overcome this limitation. Moreover,
the prevalence of OAD was higher compared to epi-
demiological estimates of GAD, with 6% of children and
adolescents meeting lifetime criteria for GAD in the Na-
tional Comorbidity Survey Replication-Adolescent.[?8).
In treatment secking samples, most youth who q uah@z
for a diagnosis of OAD also meet criteria for GAD,!*’]
but this high rate of agreement is likely due to increased
severity levels among juveniles referred for treatment.
The agreement rate for OAD and GAD in an epidemio-
logical sample is not known, but is likely lower than that
observed in clinical samples. Moreover, the threshold to
qualify for a diagnosis of OAD is probably somewhat
lower than that of GAD, as the criteria for OAD were
less well-defined and did not include some of the hall-
mark criteria now associated with GAD (e.g. inability to
control worry).

Strengths of this study include its prospective, genet-
ically informed design to determine whether childhood
SAD and AOPAs/PD share a common genetic and envi-
ronmental diathesis. Although our results require repli-
cation, they provoke interesting thought regarding the
time course of SAD and PD and provide a level of insight
into the factors that play substantive roles in their covari-
ation. Like most other anxiety disorders, multiple etio-
logical pathways are causal (i.e. equifinality) in the devel-
opment of PD and we only investigated two possible de-
velopmental courses. Thus, additional childhood anxiety
disorders (e.g. SP) and their relation to PD onset should
be considered as well as the relation between childhood
SAD and development of other adult anxiety syndromes.
Finally, our study focused on latent genetic and environ-
mental factors. Future studies should include measured
genes (e.g., Catechol-O-methyltransferase*!), environ-
mental risk factors (childhood parental loss!*!'1), and their
interactive effects to verify their role in SAD and PD

phenotypes.
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