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Panic and Phobic Anxiety:
Defining Phenotypes for Genetic Studies

Jordan W. Smoller, M.D., M.Sc., and Ming T. Tsuang, M.D., Ph.D., D.Sc.

Objective: With recent advances in molecular genetics, the rate-limiting step in identify-
ing susceptibility genes for psychiatric disorders has become phenotype definition. The
success of psychiatric genetics may require the development of a “genetic nosology” that
can classify individuals in terms of the heritable aspects of psychopathology. The authors'
aim is to begin to apply this analysis to the anxiety disorders, focusing on panic and phobic
disorders. Method: Two parallel traditions of defining anxiety phenotypes are reviewed:
the first, more closely identified with clinical psychiatry, has identified categorical diagnoses
(e.g., panic disorder and social phobia). The other, more closely identified with psycholog-
ical studies of personality development, has examined dimensional traits (e.g., neuroti-
cism) and anxious temperament (e.g., behavioral inhibition). Results: The authors suggest
that a genetic nosology of panic and phobic disorders may incorporate features of both tra-
ditions and discuss strategies for optimizing genetic approaches to anxiety including 1)
studying phenotypic extremes, 2) identifying biological trait markers, and 3) using animal
models to identify candidate loci.  Conclusions: An important dividend from the effort to
define the boundaries of heritable phenotypes for genetic studies of anxiety may be a re-
finement of the nosology of anxiety disorders. 

(Am J Psychiatry 1998; 155:1152–1162)

The part played by heredity in the development of the
psychoneuroses is one of the fundamental unsolved
problems in psychiatry . . . . But the chief difficulty is to
define the condition the heredity of which one is at-
tempting to trace.

—Felix Brown, 1942 (1)

Psychiatric genetics has emerged as an exciting fron-
tier that holds the promise of revealing the molecular
basis of neuropsychiatry. An early success story has
been the identification of at least four specific genes in-
volved in Alzheimer’s disease (2). Gene mapping stud-

ies have identified chromosomal regions linked to sev-
eral other disorders, particularly bipolar disorder and
schizophrenia, although some of these findings have
eluded replication. Molecular genetic studies of anxi-
ety disorders, however, have not yet had similar suc-
cess. In part, this may be attributed to obstacles that
complicate efforts to identify genes for any complex
disorder: non-Mendelian inheritance patterns and the
possibility of phenocopies, genetic heterogeneity, in-
complete penetrance, and variable expressivity (3).
However, an even more formidable obstacle to identi-
fying genes influencing anxiety is the problem of defin-
ing the heritable phenotype (4). For the most part, gene
mapping proceeds by demonstrating that a genetic
marker (whose chromosomal location is known) is co-
inherited with the phenotype of interest. Without an
accurate specification of the phenotype, this procedure
becomes difficult, if not impossible, to perform. In this
sense, the success of psychiatric genetics has everything
to do with nosology.
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Tsuang and colleagues (4) have pointed out that am-
biguities in identifying the phenotype may be the “rate-
limiting step” in psychiatric genetic studies. The tech-
nology of DNA analysis has progressed to the point
that whole-genome scans are feasible. The task of col-
lecting clinical samples has been simplified by the trend
toward genetic analyses that require only small nuclear
families or even samples of unrelated individuals. But
these advances cannot be usefully exploited in the ab-
sence of a system for identifying the heritable pheno-
types of interest. One of the major tasks of psychiatric
genetics, then, will be to construct a “psychiatric ge-
netic nosology” capable of classifying individuals in
ways that correspond to distinct genetic entities (4).

Family and twin studies, summarized elsewhere (5,
6), have demonstrated that anxiety disorders can be in-
fluenced by genetic factors. Because these investiga-
tions have relied on the DSM system to define anxiety
disorder phenotypes, they suggest that the standard
clinical nosology has been useful for genetic studies: it
has described anxiety syndromes that demonstrate fa-
miliality and heritability. Nevertheless, preliminary ef-
forts have not yet been able to identify the genetic loci
that influence these syndromes.

To be useful, a genetic nosology must address obsta-
cles to accurate classification such as phenocopies,
variable expressivity, and incomplete penetrance. Sev-
eral strategies have been proposed to accomplish this
(4). For example, established diagnostic categories can
be reorganized to accommodate the variable expres-
sion of a disease genotype. Alternatively, new phe-
notypes can be defined for the explicit purpose of
capturing genetically determined components of psycho-
pathology. In constructing a genetic nosology for panic
and phobic anxiety, we need to describe anxiety phe-
notypes so as to maximize the likelihood of identifying
genetic factors that influence anxiety disorders.

CATEGORICAL PHENOTYPES: ANXIETY DISORDERS

Historical Context

Although the categorical diagnosis of panic disorder
did not appear in the standard nosology until the pub-
lication of DSM-III in 1980, similar syndromes had
been described much earlier (7, 8). DSM-II, published
in 1968, included the categories anxiety neurosis and
phobic neurosis, both of which could be accompanied
by panic-anxiety. Anxiety neurosis was succinctly de-
fined as “anxious over-concern extending to panic and
frequently associated with somatic symptoms”(p. 39).
Influenced in large part by the pioneering work of
Klein (9) on the “pharmacologic dissection” of anxi-
ety, DSM-III differentiated symptoms of anxiety neu-
rosis into two diagnostic categories: panic disorder and
generalized anxiety disorder. A parallel influence was
that of Marks and his colleagues (10), who provided
evidence for the subdivision of phobic disorders into
agoraphobia, social phobia, and simple phobias (called

specific phobias in DSM-IV). In DSM-III-R, agorapho-
bia came to be characterized as a secondary complica-
tion of panic and distinct from other phobias. In DSM-
IV, agoraphobia, by definition, involves fear of panic
attacks or limited symptom panic attacks, so the ago-
raphobic phenotype can no longer be separated from
panic. This view is supported by a substantial body of
evidence, but it remains controversial (11). Because
panic attacks can occur as part of both panic disorder
and phobic disorders, they do not define the boundary
between these disorders. The defining features of panic
disorder may instead be the recurrence of unexpected
panic attacks and the development of anticipatory
anxiety about additional attacks (12). As our under-
standing of anxiety disorders evolves, the boundaries
we draw between them are likely to shift again.

Familial Aspects of Panic and Phobic Disorders

Despite these ambiguities, eight direct-interview
family studies of the diagnosis of panic disorder (with
or without agoraphobia) have reached the same con-
clusion: panic disorder is a familial phenotype (13–20).
First-degree relatives of probands with panic disorder
have a three- to 21-fold higher lifetime risk of panic
disorder than relatives of unaffected probands. Analy-
ses of pedigrees in several of these family studies have
been consistent with the possibility that a single major
locus contributes to the inheritance of panic disorder,
but polygenic inheritance has not been excluded (13,
21). Fewer family studies of phobic disorders have
been reported, but the available evidence suggests that
they, too, are familial. Fyer and colleagues (19, 22)
found that relatives of probands with simple phobia
have a three- to fourfold greater risk of simple phobia
than control subjects. Similarly, they found an approx-
imately threefold greater risk of social phobia among
relatives of probands with social phobia and no other
anxiety disorder (19, 23). A recent family study by
Stein and colleagues (24) further demonstrated that
relatives of probands with generalized social phobia
had a nearly 10-fold greater risk of the generalized
type of social phobia but no greater risk of nongener-
alized or discrete social phobias.

Besides evaluating whether a disorder aggregates in
families, family studies can examine the genetic rela-
tionships among comorbid disorders (25). The results
summarized in table 1 suggest that panic and phobic
disorders tend to “breed true”: relatives are at highest
risk for the proband’s disorder. Moreover, the available
family studies do not support a familial relationship
between simple (specific) phobia and panic disorder or
other phobic disorders. Similarly, the DSM-III and
DSM-III-R diagnosis of generalized anxiety disorder
does not appear to share familial determinants with
panic or phobic disorder.

In one of the only direct-interview family studies to
examine the comorbidity of panic disorder and agora-
phobia, Noyes and colleagues (14) found that relatives
of probands with agoraphobia were at increased risk
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of both agoraphobia and panic disorder, while rela-
tives of panic disorder probands had an increased risk
of panic disorder but not agoraphobia. They inter-
preted the findings as consistent with the hypothesis
that agoraphobia represents a more severe variant of
panic disorder, but subsequent studies have produced
conflicting results (15, 26). The familial relationship
between panic disorder and social phobia also remains
uncertain. Relatives of probands with social phobia
have been reported to have an increased risk of social
phobia but not panic disorder (19, 20, 23). However,
in one large family study, social phobia did aggregate
in the relatives of probands with panic disorder (with-
out comorbid social phobia) (27). Because this associ-
ation was seen in relatives of probands with and with-
out panic disorder, the authors concluded that the
comorbidity of panic and social phobia reflected their
common co-occurrence rather than familial transmis-
sion of the social phobia.

The relationship between anxiety disorders, particu-
larly panic disorder, and major depression has been an-
other area of controversy. In one study comparing
“pure” and comorbid panic disorder and major de-

pression (30), relatives of probands with panic disor-
der alone were at an elevated risk of major depression
without panic disorder. However, several family and
twin studies have suggested that major depression is
genetically distinguishable from panic and phobic dis-
orders (17, 18, 26, 31–33) but may share genetic deter-
minants with generalized anxiety (34).

In addition to evaluating the transmission of individ-
ual and comorbid anxiety diagnoses, family studies
can provide another piece of information that may be
crucial for gene-mapping studies. Risch (35) has dem-
onstrated that the power of a commonly used method
of linkage analysis—affected-relative-pair analysis—
depends on the relative risk (denoted lambdaR) of the
disorder among relatives of affected probands com-
pared to that of the general population. This recur-
rence risk ratio is often computed for siblings (lamb-
daS), and disorders with a lambdaS greater than 5–10
are much more amenable to gene-mapping studies
than are disorders with a lower lambdaS (3). As table 2
shows, lambdaS for panic disorder makes it a suitable
target for linkage studies.

TABLE 1. Familial Risk of Panic, Phobic, and Generalized Anxiety Disorders in Direct-Interview Family Studies

Study Criteria Probands’ Diagnosis

Crowe et al., 1983 (13) DSM-III Panic disorder plus agoraphobia
Noyes et al., 1986 (14) DSM-III Panic disorder without agoraphobia

Agoraphobia
Mendlewicz et al., 1993 (15) DSM-III Panic disorder without agoraphobia
Maier et al., 1993 (16)b,d DSM-III-R Panic disorder with or without agoraphobia

Panic disorder without agoraphobia
Panic disorder with agoraphobia

Goldstein et al., 1994 (26) DSM-III-R Panic disorder without major depressive disordere

Horwath et al., 1995 (27) DSM-III-R Panic disorder with major depressive disordere

Goldstein et al., 1997 (28) DSM-III-R Early-onset panic disordere (≤20 years old)

Later-onset panic disordere (>20 years old)

Mannuzza et al., 1994/1995 (18) DSM-III-R Panic disorder without major depressive disorder

Panic disorder with major depressive disorder
Fyer et al., 1995 (19)  DSM-III-R Panic disorder with agoraphobia

Fyer et al., 1996 (20) DSM-III-R Panic disorder with or without agoraphobia
Panic disorder with social phobia
Social phobia

Fyer et al., 1993 (23) DSM-III-R Social phobia

Stein et al., 1998 (24) DSM-IV Generalized social phobia

Fyer et al., 1995 (19) DSM-III-R Social phobia

Simple phobia

Fyer et al., 1990 (22) DSM-III-R Simple phobia
Noyes et al., 1987 (29) DSM-III and III-R Generalized anxiety disorder
Mendlewicz et al., 1993 (15) DSM-III Generalized anxiety disorder
a 95% confidence intervals, when available, are given in parentheses.
b p<0.05.
c Based on combined simple/social phobia category.
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Heritability of Panic and Phobic Disorders

Twin and adoption studies help address the question
of whether the familial nature of panic and phobic dis-
orders is due to genetic influences. By comparing con-
cordance rates of monozygotic and dizygotic twins,
one can estimate the heritability (proportion of pheno-
typic variance due to genetic factors) of these disor-
ders, although this estimate will vary depending on
the population studied. Unfortunately, there have been
few studies of categorical anxiety diagnoses, and sev-
eral of these have had relatively small samples of twins
(36–39).

The largest and most informative twin study of anx-
iety disorders to date has been Kendler and colleagues’
study of a population-based sample of 1,033 female
twin pairs from the Virginia Twin Registry (33, 40–
43). This study has provided estimates of the heritabil-
ity of DSM-III-R panic disorder (44%), agoraphobia
(39%), generalized anxiety disorder (32%), animal
phobias (32%), and social phobia (30%) that suggest
a genetic influence on the expression of these pheno-
types, although environmental factors play a large

role. In contrast, situational phobias seemed to have
little or no genetic component. In a subset of this sam-
ple (44), blood-injury phobias resembled situational
phobias in having greater evidence for environmental
than genetic etiology, although familial aggregation of
blood-injury fears appeared to be due mainly to addi-
tive genetic factors.

Relative Risk to First-Degree Relatives of Ill Versus Comparison Probandsa

Panic Disorder

With or Without 
Agoraphobia

Without
Agoraphobia

With
Agoraphobia Agoraphobia Social Phobia Simple Phobia

Generalized 
Anxiety Disorder

10.7b — — — — — 1.33
-— 4.1b -— 0.45 1.9 0.94 1.5
-— 2.0 -— 2.8b 3.9 1.5 1.1
-— 14.7b -— 0.53 1.1c 1.1c 2.1
3.4 3.6 2.9 — — — —
3.3 4.3 2.2 -— -— -— -—
3.6 2.9 3.8 -— -— -— -—

8.77b 9.48 8.28b 13.73b 5.44b 1.95 5.89
(2.28–33.8) (0.97–92.4) (1.53–44.7) (1.38–137.0) (1.38–21.5) (0.70–5.40) (0.95–36.6)

5.66b 7.51 4.25 5.39 1.52 1.57 6.19b

(1.51–21.2) (0.81–70.0) (0.80–22.4) (0.55–53.3) (0.37–6.27) (0.62–3.97) (1.19–32.0)
16.9b -— -— -— -— -— -—

(4.4–64.3) -— -— -— -— -— -—
5.6b -— -— -— -— -— -—

(1.5–20.8) -— -— -— -— -— -—
2.8b -— -— -— -— -— -—
4.1b -— -— -— -— -— -—
-— -— 3.0b -— 0.7 1.1 -—
-— -— (1.0–8.7) -— (0.2–1.8) (0.5–2.3) -—
3.3b -— -— -— 1.5 -— -—
3.0 -— -— -— 0.67 -— -—

0.67 -— -— -— 2.5b -— -—
0.47 -— -— -— 3.12b 1.29 0.58

(0.1–3.9) -— -— -— (1.4–6.8) (0.6–2.8) (0.1–5.0)
2.2 -— -— 1.1 9.7b,f 1.4 2.7
-— -— -— — (2.51–38.1) -— -—
-— -— 0.9 -— 2.4b 1.8 -—
-— -— (0.2–4.3) -— (1.2–5.0) (0.9–3.6) -—
-— -— 0 -— 1.6 3.9b -—
-— -— -— -— (0.6–4.4) (1.8–8.1) -—
0 -— -— -— 0.3 3.3b 0.6

-— 1.2 -— 0.94 0.89 0.89 5.57b

-— 3.7 -— 1.2 1.2c 1.2c 4.7
d Significance testing was reported only for the overall panic disorder with or without agoraphobia comparison.
e Estimates are hazard ratios adjusted for age, sex, interview status, and proband ascertainment source.
f Risk of generalized social phobia only.

TABLE 2. Approximate Recurrence Risk Ratios for Various
Disorders

Disorder
Approximate Risk Ratio 

(lambdaS)a

Autism ≥75
Type I diabetes 20
Schizophrenia 10
Bipolar disorder 10
Panic disorder 5–10
Attention deficit hyperactivity

disorder 4–5
Type II diabetes 3.5
Phobic disorders 3
Migraine 2–4
Major depressive disorder 2–3
a lambdaS=ratio of prevalence of disorder in siblings of affected

probands to prevalence in general population.
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The Virginia twin studies have also allowed Kendler
and colleagues to investigate the genetic relationships
among anxiety disorders. For example, they found
support for the division of anxiety neurosis into panic
disorder and generalized anxiety disorder in that ge-
netic influences on the two disorders appeared to differ
(43). In fact, generalized anxiety disorder and major
depression appeared to reflect one common genetic
factor, while panic disorder and phobias appeared to
be influenced by another distinct factor. Among the
phobias, agoraphobia appeared to have the highest
heritability, although Kendler et al. found evidence for
an inherited “phobia proneness” underlying agora-
phobia, social phobia, and animal phobias (40). Ago-
raphobia had the lowest loading on this common ge-
netic factor, suggesting that it may be genetically
distinguishable from other phobic subtypes.

Implications for a Genetic Nosology

Family and twin studies suggest that panic disorder,
as defined in DSM-III and its successors, is a familial
phenotype and that genetic factors may explain more
than 40% of the phenotypic variance. Phobic disorders
exhibit similar, although less robust, familial aggrega-
tion and heritability. The Virginia Twin Registry stud-
ies raise the possibility that panic disorder and phobias
reflect a shared genetic diathesis. However, the weight
of the evidence indicates that genes influencing specific
phobias, generalized anxiety disorder, and major de-
pression are largely distinct from those influencing
panic disorder and agoraphobia.

For the purposes of gene mapping studies, relying
solely on categorical phenotypes may have important
limitations. The formation of diagnostic categories re-
quires that boundaries be drawn, and because the
DSM categories are based on consensus definitions,
there is a degree of arbitrariness built into them. This
complicates efforts to classify individuals as “affected”
or “unaffected” for the purpose of genetic studies. For
example, how should we classify the individual who
meets all criteria for panic disorder except that none of
her recurrent panic attacks has more than three symp-
toms? Strictly speaking, this individual would not
qualify for a DSM diagnosis of panic disorder—but
can we confidently call her unaffected?

Psychiatric nosology has evolved from a complex
mixture of clinical observation, empirical research, his-
torical tradition, and even political considerations. Be-
cause DSM-III and its successors have aimed to be
atheoretical and descriptive, their categories are not
based on pathogenetic mechanisms. It would be sur-
prising if they described just those aspects of psychopa-
thology which are under genetic influence. The argu-
ment can be made that for the purposes of identifying
susceptibility genes, the practice of condensing pheno-
typic data into dichotomous or categorical diagnoses
results in a loss of information (45). In recognition of
this, several investigators have found that familial/ge-
netic aspects of anxiety disorders are more apparent

when the definition of the affected state is expanded
beyond the strict diagnostic criteria to include subsyn-
dromal variants; most family, twin, and linkage studies
of panic disorder have included subsyndromal defini-
tions of caseness (13, 14, 17–42).

One way to assess the value of broadening the “af-
fected” category is to examine the heritability of sub-
syndromal anxiety symptoms. Here, again, results
have been mixed. In several studies using questionnaire
measures of phobic fears, heritability estimates have
been in the range of 0.45 to 0.55 (46–49), somewhat
higher than the heritability of clinically diagnosed pho-
bic disorders estimated by Kendler and colleagues. On
the other hand, some family and twin studies have not
found that subsyndromal panic and phobic symptoms
are highly transmissible (22, 23–50). In their studies of
phobic disorders, Fyer and colleagues (22, 23) found
no evidence of familial transmission of irrational sim-
ple or social fears, and in a large twin-family study of
volunteer and population-based twin samples, Kendler
and colleagues (51) found only modest heritability of
panic-phobic symptoms on the basis of responses to an
anxiety questionnaire.

Broadening the definition of affected status may re-
duce the risk of false negative misclassification, but it
could correspondingly increase the risk of false posi-
tive misclassification, which is the greater threat to
linkage studies. A different approach to minimizing the
arbitrariness of categorical diagnoses is to view anxiety
phenotypes as traits or dimensions.

DIMENSIONAL PHENOTYPES: TRAIT ANXIETY
AND ANXIOUS TEMPERAMENT

Studies of the psychology of personality and individ-
ual differences have suggested that there may be a
small number of underlying dimensions along which
individuals vary in ways that predict both normal be-
havior and pathologic states. According to this view,
psychopathology represents extremes of dimensions
that underlie normal personality (52) Several dimen-
sional or temperamental constructs have been pro-
posed to account for individual differences in personal-
ity and emotional experience, many of them directly
related to anxiety, including neuroticism, introversion,
behavioral inhibition, and harm avoidance (53–55). To
illustrate the relevance of such dimensions to a genetic
nosology of anxiety, we will discuss two examples.

Neuroticism

According to Eysenck (55) and others, pathological
extremes of neuroticism are the basis of the neuroses,
including anxiety neuroses. Neuroticism was said to be
related to the “inherent lability of the autonomic ner-
vous system” (55, p.4). Individuals high in neuroti-
cism were described as anxious, worried, and fre-
quently depressed. The frequent comorbidity of
anxious and depressive symptoms in clinical settings
1156 Am J Psychiatry 155:9, September 1998
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has led some to propose that there is more evidence for
a “general neurotic syndrome” than for the distinct
anxiety and depressive disorders described in the DSM
system (56).

A large body of studies have indicated that neuroti-
cism is under substantial genetic control with a herita-
bility of about 50% (57–59). Studies of a large sample
of Australian twin pairs have supported the notion
that anxiety disorders and depression are variable ex-
pressions of a heritable tendency toward neuroticism
(37, 60–63). In a study of 2903 Australian twin pairs,
Martin and colleagues (62) found evidence that genetic
determinants of neuroticism overlapped with those of
panic-anxiety among male but not female subjects. A
subsequent study extended these findings by obtaining
structured clinical interviews and DSM-III diagnoses
for 462 twin pairs (37). There was substantial genetic
influence on the trait of neuroticism and, to a lesser de-
gree, on symptoms of anxiety and depression but no
evidence for the heritability of categorical anxiety dis-
orders. An implication of this study may be that
searching for genes for categorical diagnoses such as
panic disorder may be less fruitful than trying to iden-
tify genes influencing an underlying, latent anxiety-
proneness such as neuroticism, which may be more di-
rectly heritable. In this context, it is noteworthy that
the first reported human anxiety phenotype associated
with a specific genetic locus was neuroticism. In one
study, Lesch and colleagues (64) found that a polymor-
phism in the promoter region of the serotonin trans-
porter gene was associated with higher scores on mea-
sures of neuroticism and trait anxiety.

Behavioral Inhibition

Another group of anxiety traits that appear to have
a genetic basis are those related to behavioral inhibi-
tion and shyness. Although this is a somewhat hetero-
geneous group of phenotypes, the key feature appears
to be autonomic/limbic arousal and decreased activity
when an individual is confronted with an unfamiliar
situation or social environment. Features of behavioral
inhibition have been observed in many species, includ-
ing rodents, dogs, and primates (65), suggesting that it
is a robust and evolutionarily conserved temperamen-
tal phenotype. Gray (66) has proposed that the neu-
roanatomical substrate of anxiety is a “behavioral in-
hibition system,” subserved by limbic structures and
triggered by threatening or novel stimuli. Cloninger
(54) has described a similar temperamental construct
as “harm avoidance” and suggests that it is mediated
by polygenic influences on serotonergic function.

Kagan and colleagues have defined the temperamen-
tal construct of “behavioral inhibition to the unfamil-
iar” in children (53–67). They have found that approx-
imately 10%–15% of Caucasian children exhibit
fearfulness, shyness, and quiet withdrawal in response
to unfamiliar people, objects or situations; another
15% exhibit an “uninhibited” temperament character-
ized by an outgoing sociability and affective spontane-

ity. Physiologic correlates of behavioral inhibition in-
clude evidence of tonic sympathetic arousal and limbic
hyperreactivity (67). Twin and adoption studies have
demonstrated that the related constructs of shyness, in-
troversion and behavioral inhibition are among the
most heritable personality traits and appear to be dis-
tinct from neuroticism (68). Genetic factors appear to
account for about 50% of the variance in behavioral
inhibition during childhood (69). Although it is related
to quantitative traits such as shyness, Kagan views be-
havioral inhibition as a qualitative trait: individuals
who exhibit extremes of inhibited or uninhibited be-
havior represent discrete “types” that differ qualita-
tively from children who demonstrate intermediate de-
grees of inhibition (67).

A link between behavioral inhibition and anxiety
disorders has emerged in a series of family studies (70).
In these studies, children of parents with panic disor-
der/agoraphobia had high rates of behavioral inhibi-
tion, and parents of children with behavioral inhibi-
tion were more likely to have chronic, early-onset
anxiety and multiple anxiety disorders. Behavioral in-
hibition was also associated with childhood anxiety
disorders in both the children and their parents. These
studies raise the possibility that behavioral inhibition
reflects a constitutional “anxiety diathesis” or anxiety-
proneness that is familial and predictive of liability to
anxiety disorders, particularly panic disorder and so-
cial phobia (71). The existence of a heritable anxiety
diathesis that may be variably expressed would be con-
sistent with studies that have found elevated rates of
several anxiety disorders in parents of anxious children
(72–74) and in children of parents with anxiety disor-
ders (75, 76).

FUTURE DIRECTIONS

Optimizing the Definition of “Genetic Caseness”

For the purposes of genetic linkage and association
studies of categorical diagnoses, identifying a core phe-
notype that most closely reflects genetic “caseness” is
essential. Defining a phenotype that is highly prevalent
among relatives of affected probands and rare in the
general population (i.e., maximizing lambdaR) in-
creases the power of linkage studies(4, 35). Among the
strategies available to accomplish this, three are dis-
cussed here.

Ascertaining phenotypic extremes. In designing gene
mapping studies, selecting probands with early-onset
anxiety disorders may enrich the sample for genetic
cases. This approach has been used to minimize genetic
heterogeneity and phenocopies within a sample (3). A
recent study from Goldstein and colleagues (28) pro-
vided strong evidence that early-onset panic disorder is
indeed associated with greater familial loading for the
disorder. In a large, direct-interview family study, they
found that relatives of probands who developed panic
disorder before age 20 had a 17-fold higher risk of
Am J Psychiatry 155:9, September 1998 1157
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panic disorder than relatives of comparison subjects,
while relatives of probands with later-onset panic dis-
order had a sixfold higher risk than relatives of com-
parison subjects. Relatives of the early-onset panic
probands had higher rates of agoraphobia but did not
differ from the relatives of later-onset panic probands
in age at onset of panic or in symptom profiles.

Childhood anxiety disorders have been associated
with an earlier age at onset of panic disorder/agora-
phobia, more avoidance, more severe disorder, and
more comorbidity (75, 77–80), possibly reflecting an
underlying anxiety diathesis. The data on behavioral
inhibition and familial risk for anxiety disorders are
also consistent with the idea that early-onset anxiety
may define a highly familial form of disorder. Ascer-
taining probands who have unusually severe disorder
may also improve the genetic homogeneity of clinical
samples (81).

A more general approach to optimizing the defini-
tion of genetic caseness involves analyzing family and
twin data to determine which phenotypic features are
associated with the greatest familiality and heritability.
For example, on the basis of  the data reviewed earlier,
one might propose that expression of a heritable anxi-
ety diathesis would include anxious temperament, co-
morbid panic and phobic disorders, continuing anxiety
disorders from childhood to adulthood, and multiple
affected family members. Although it would require an
extensive database, such a hypothesis is testable. Fa-
milial recurrence risks or twin concordance rates could
be calculated for this composite phenotype (or some
subset of it) and compared to recurrence risks for panic
or phobic disorders alone. An alternative, and perhaps
more fruitful, strategy would be to analyze a range of
phenotypic data without a priori hypotheses about
which are the most salient. Such an approach, using lo-
gistic regression modeling, has been illustrated in stud-
ies of bipolar disorder and attention deficit hyperactiv-
ity disorder (82, 83). By including data on symptoms
of panic and phobic disorders (e.g., panic attacks, pho-
bias) as well as anxiety traits (e.g., neuroticism, behav-
ioral inhibition) in such a model, one might empirically
construct an improved definition of genetic caseness
that incorporates both categorical and dimensional
phenotypes. Of course, to do so would require a family
or twin study database that comprises such a range of
phenotypic data. In one small study (84), logistic re-
gression modeling indicated that higher levels of the
temperamental construct “emotionality” were predic-
tive of caseness among siblings of probands with de-
pression or anxiety disorders.

Identification of elemental phenotypes. A related ap-
proach would aim at identifying phenotypic elements
of anxiety disorders that are more proximally related
to genetic factors than are categorical anxiety diag-
noses. The features that make up a clinical diagnosis of
panic disorder may combine elements that are under
the control of distinct genetic loci, as was recently sug-
gested for obsessive-compulsive disorder (85). If so,
the genetic architecture of the disorder could be much

more complicated than that of the elements considered
individually. Analysis of clinical data on panic disorder
families may reveal distinct symptom clusters that may
be under independent genetic influence. A suggestion
of this was provided by Briggs and colleagues (86),
who applied principal-components analysis to data
from the Cross-National Panic Study and identified
two symptom groups distinguished by the presence or
absence of prominent respiratory symptoms. These
subgroups appeared to be biologically meaningful be-
cause the group with prominent respiratory symptoms
reported more spontaneous panic attacks and re-
sponded preferentially to imipramine, while the other
group suffered more situational panic attacks and re-
sponded somewhat more to alprazolam.

Trait markers and spectrum phenotypes. The use of
biological trait markers that may more closely reflect
brain function than do clinical diagnoses has also been
recommended as a strategy to simplify the genetic
analysis of complex psychiatric disorders (4). This ap-
proach may also identify phenotypic spectra that are
genetically related and associated with a higher lamb-
daS than the clinical diagnosis.

In the case of panic disorder, studies of the biological
basis of panic attacks suggest several candidates for
trait markers. In fact, panic disorder has emerged as
one of the few psychiatric disorders whose symptoms
can be provoked and studied under laboratory condi-
tions. Overall, approximately 60%–75% of patients
with panic disorder experience panic attacks in re-
sponse to lactate infusion compared to 10%–15% of
control subjects (87). Several other agents have been
reported to provoke panic attacks more frequently in
panic disorder patients including carbon dioxide
(CO2), yohimbine, cholescystokinin, and caffeine (88).
The mechanism by which these agents trigger panic at-
tacks is unknown, but treatment with antipanic medi-
cations can block provoked panic attacks, suggesting
that a neurobiologic abnormality may be involved.

Laboratory provocation tests may be useful in defin-
ing biologic subtypes of panic disorder or in identify-
ing panic susceptibility among relatives of panic disor-
der probands. On the basis of family history data, a
link between lactate-induced panic and familial risk of
panic or other anxiety disorders has been reported (89,
90). However, a methodologically more rigorous di-
rect-interview family study did not support this link
(91).

Studies of CO2 inhalation have shown more promise
(92–94). Perna and colleagues (92) found that panic
disorder patients and subjects with a history of subsyn-
dromal unexpected panic attacks had similarly ele-
vated rates of panic in response to CO2 inhalation
compared with normal control subjects. A family his-
tory of panic disorder was reported by 30% of the
panic disorder patients, 31% of subjects with a history
of unexpected panic attacks, and only 2% of normal
control subjects. In another study (93), first-degree rel-
atives of panic disorder patients had a rate of CO2-
provoked panic that was significantly lower than that
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of the panic disorder patients but 12-fold higher than
that of normal control subjects. These studies raise the
possibility that CO2-hypersensitivity represents a trait
marker for the genetic liability for panic attacks.
Whether the CO2 inhalation test has sufficient specific-
ity to make it a useful tool in genetic studies of panic
disorder remains to be established. However, the iden-
tification of biological markers of anxiety disorders
may provide a crucial handle for gene mapping studies
and should continue to be a major focus of research.
Because false-positive misclassification can dramati-
cally reduce the power to detect linkage, the emphasis
in identifying phenotypic indicators should be on max-
imizing their specificity (95).

Incorporating Quantitative Traits and Temperaments

Because quantitative assessments can incorporate
more information than categorical assessments, such
measures may facilitate gene-mapping efforts. In a re-
cent illustration of this phenomenon, Brzustowicz and
colleagues (96) found that a locus on chromosome 6p
was linked to a quantitative measure of positive symp-
toms but not to the categorical diagnosis of schizo-
phrenia. By examining temperaments and traits that
may underlie anxiety disorders, we may circumvent
the problem of the ambiguous boundaries of diagnos-
tic categories. Self-report measures with good psycho-
metric properties are available to measure neuroticism,
harm avoidance, and other forms of trait anxiety. In
the case of  behavioral inhibition, the use of behavioral
ratings offers a degree of standardization that should
enhance the reliability of phenotypic assessments.
Gene mapping studies of these phenotypes may be an
important complement to studies of anxiety disorders.
As discussed earlier, genetic influences on these traits
may be greater than on the categorically defined anxi-
ety disorders. In designing linkage studies, investiga-
tors could select probands who meet criteria for cate-
gorical diagnoses and also score highly on quantitative
trait measures related to panic and phobic anxiety.
Such a strategy would allow analyses of both the cate-
gorical and quantitative phenotypes. Risch and Zhang
(97) have shown that the power of sib-pair linkage
studies of quantitative traits is dramatically increased
by selecting either extremely concordant or extremely
discordant pairs.

Further investigations of genetic aspects of anxious
traits would be useful. For example, “anxiety sensitiv-
ity” is a trait-like fearfulness of somatic symptoms of
anxiety that has been shown to predict susceptibility to
panic attacks (98); however, little is known about
whether individual differences in this trait have a ge-
netic basis. Additional studies are also needed to test
the notion that clinical diagnoses can represent the ex-
tremes of quantitative traits.

Animal Models

Animal models offer a powerful tool for the genetic
dissection of complex human disorders (99). The avail-

ability of highly inbred mouse strains eliminates the
problem of genetic heterogeneity, and the ability to
control environmental conditions minimizes the prob-
lem of phenocopies. Given their short breeding times
and the ability to use large numbers of animals, limita-
tions of statistical power in the mapping of quantita-
tive traits can also be overcome. Individual genes can
be inserted into (transgenic mice) or deleted from
(knockout mice) the genome of a strain in order to
evaluate the effect of specific genes. The importance of
these models lies in the fact that the human genome
has extensive homology with the genomes of mice and
rats. A gene identified in a rodent model is likely to
have a human homologue, and maps of conserved re-
gions of DNA sequence (synteny homology) in mice
and humans are readily available (100).

Several well-characterized animal models of anxiety
already exist. One of the best characterized anxiety
phenotypes in mice is that of “emotionality,” which
appears to be analogous to anxious temperament in
humans. Like behaviorally inhibited children, these
mice exhibit arousal and reduced activity in novel en-
vironments. Among inbred strains of mice, this pheno-
type appears to be under strong genetic control (101)
and several quantitative trait loci influencing emotion-
ality have already been mapped (102, 103). In parallel
with human studies, these animal models represent an
important growing library of candidate loci for human
anxiety.

CONCLUSIONS

We have reviewed the parallel efforts to characterize
the genetics of anxiety in terms of either categorical or
dimensional phenotypes. Converging lines of evidence
from family/genetic studies indicate that panic and
phobic anxiety are influenced by genetic factors. Of
the anxiety disorders, panic disorder has the strongest
evidence of a genetic component, but identification of
the specific genes involved may require further refine-
ment of the phenotype definition. Anxious tempera-
ments have also been shown to be heritable and animal
models of these phenotypes may facilitate gene map-
ping efforts. The reported association of the serotonin
transporter gene with anxious traits is an encouraging
example of the value of dimensional phenotype defini-
tions.

One conceptualization that incorporates evidence
from both of these approaches is the notion of an
“anxiety diathesis”— a quantitative dimension of anx-
iety-proneness, which, in the extreme, may appear as
qualitatively distinctive anxiety disorders such as panic
disorder, agoraphobia, and social phobia (71). Al-
though this construct is intuitively appealing, it still re-
quires an operational definition. An important prereq-
uisite to the mapping of panic/phobic disorder genes,
then, may be to define the “diathesis” phenotype so as
to optimize its heritability.
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To accomplish this, the agenda for future studies
should include efforts to define the relationship be-
tween clinical diagnoses and quantitative traits. Do in-
dividuals with clinically diagnosed anxiety disorders
reliably and specifically exhibit elevated scores on
measures of traits such as harm avoidance? Another
priority will be to continue the search for psychobio-
logical trait markers of anxiety disorder susceptibility,
which could be used to refine the phenotype definition.

At the level of linkage and association studies, tem-
peramental phenotypes such as behavioral inhibition
may prove more amenable to gene mapping than are
categorical diagnoses alone. The ascertainment of
probands with early-onset anxiety disorders, which
appear to be more familial, may also improve the
power of genetic studies. Finally, animal models may
be a key component in the genetic dissection of anxi-
ety, as they proved to be for obesity (104), another
complex phenotype.

The search for anxiety genes is in its early stages, but
the importance of the endeavor may be substantial.
The identification of specific susceptibility genes
would signal a major advance in our understanding of
the pathophysiology of anxiety at a molecular level.
Practical consequences of cloning such genes would in-
clude the ability to develop methods of early detection
of individuals at risk, targeted prevention strategies,
and more specific and effective pharmacotherapeutics.
A potentially more important consequence may be
from the process rather than the outcome of gene map-
ping studies. The search for susceptibility genes in psy-
chiatry will create the need for a careful reexamination
of the boundaries of our diagnostic categories.
Whether anxiety phenotypes can be collapsed with de-
pression into a “general neurotic syndrome” (56),
whether anxiety and depression are overlapping but
distinguishable entities (105), and whether there are
multiple discrete anxiety disorders that are also dis-
tinct from depression (9) are critical questions that the
genetic epidemiology of anxiety disorders may help to
answer. The project of constructing a genetic nosology
for the purpose of linkage and association studies may
well have implications for the further maturation of
psychiatric nosology as a whole.
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