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Objective: Social phobia is a common,
sometimes disabling, fear of situations
that might entail scrutiny by others. Sev-
eral anxiety disorders, including social
phobia, are genetically influenced. Ge-
netic linkage analysis can provide the
means to identify genomic locations har-
boring susceptibility loci for genetically in-
fluenced disorders. Identifying loci for so-
cial phobia was the goal of this study.

Method: The authors conducted a ge-
nome-wide linkage scan, i.e., tested
enough genetic markers to query the en-
tire genome, in 17 American pedigrees
(163 subjects) ascertained through pro-
bands with panic disorder. Several anxiety
disorders segregate in these families; di-
agnoses were based on structured inter-
views. A total of 422 markers (404 autoso-
mal, 18 on the X chromosome) with an
average spacing of less than 10 centimor-
gans were genotyped. Multipoint lod
score and nonparametric (Zlr score) link-

age analyses for social phobia were com-
pleted with Allegro and Genehunter X
software.

Results: Evidence for linkage to social
phobia for chromosome 16 markers was
identified. A Zlr score of 3.41 was ob-
served for chromosome 16 near marker
D16S415. The maximum observed lod
score was 2.22, also for chromosome 16,
between D16S415 and D16S503 (under a
model of recessive inheritance). Addi-
tional areas of interest were identified on
chromosomes 9, 14, and 18.

Conclusions: These findings meet con-
servative criteria for “suggestive” linkage.
The gene encoding the norepinephrine
transporter protein (SLC6A2) maps to this
broad region, making SLC6A2 both a posi-
tional and physiological candidate for in-
fluencing social phobia risk. To the au-
thors’ knowledge, this is the first complete
linkage genome scan for this disorder.

(Am J Psychiatry 2004; 161:59–66)

Social phobia is a common anxiety disorder (lifetime
prevalence =13.3%) (1) that can greatly interfere with nor-
mal social and occupational functioning (2–4). According
to DSM-III-R diagnostic criteria, social phobia is charac-
terized principally by persistent fear of situations where
the individual might be exposed to the scrutiny of others,
resulting in either avoidance of such situations or endur-
ance of them with intense anxiety, in a way that interferes
with functioning or causes much distress. Like most anxi-
ety disorders, social phobia shows substantial female
predominance (3, 5).

Social phobia aggregates in families and is genetically
influenced. In studies of adult probands, social phobia has
consistently been found to aggregate in their families (6–
8), including their children (9). Moreover, a number of so-
cial anxiety traits are enriched among first-degree relatives
of probands with social phobia (10). There is some evi-
dence that the more severe, generalized subtype of the dis-
order (i.e., generalized social phobia) shows the strongest
tendency toward familial aggregation (6, 8). An alternative
explanation for this finding, however, is that generalized

social phobia is merely a more severe form of social pho-
bia (11) and that ascertaining for this more severe form of
the disorder results in the appearance of greater familial
aggregation. One study (12) suggests that social phobia ag-
gregates independently of other phobic disorders (i.e., ag-
oraphobia or simple phobia), although other reports do
not support this finding (discussed in the following). A
meta-analysis (13) provided a summary odds ratio for the
familiality of phobic disorders, including social phobia, of
4.1 (95% confidence interval=2.7–6.1). Taken together,
these findings indicate that social phobia has a familial
(although not necessarily solely genetic) basis.

Twin studies suggest that a modest portion of the famil-
ial resemblance in social anxiety is, indeed, heritable (14–
18). Heritability data were reported by Kendler et al. (17),
who considered heritability for social phobia, among other
anxiety disorders, in a population-based study of female
twins with two assessments 8 years apart. Heritability of
social phobia was estimated as 51% (corrected for unreli-
ability). A similar heritability estimate (48%) was obtained
for a measure of social-anxiety-related cognitions (i.e., fear
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of negative evaluation) in volunteer twins (19). Kendler et
al. (18) reported heritability of 24% for social phobia in a set
of male twins (without correction for unreliability). To-
gether, these studies support a moderate role for genetic
influences on susceptibility to social phobia (13).

Anxiety disorders co-occur very frequently. In the Epi-
demiological Catchment Area study, the odds ratios for the
diagnosis of social phobia with other anxiety disorders
were 3.2 for panic disorder, 11.8 for agoraphobia, and 9.2
for simple phobia (3). In the National Comorbidity Survey,
Magee et al. (5) reported that subjects with social phobia
had a 23.3% rate of agoraphobia, a 37.6% rate of simple
phobia, and a 10.9% rate of panic disorder. Presumably,
social phobia shares genetic complexity in common with
other psychiatric disorders, perhaps especially other anxi-
ety disorders.

In earlier work, investigators were able to provide evi-
dence against linkage of generalized social phobia to the
genes for the serotonin transporter protein and serotonin
2A receptor (20) and a series of dopamine receptor genes
(21) in a set of Canadian families. These studies had power
only to detect major susceptibility loci, a situation we now
know to be unrealistic for what is certain to be a complex
trait. Gratacòs et al. (22) identified a chromosome 15 inter-
stitial duplication, which they designated DUP25, that
they found to be linked and associated with a range of anx-
iety disorders (including social phobia), together with
joint laxity. They also found evidence for non-Mendelian
inheritance. The linkage described was observed between
the DUP25 phenotype and various diagnostic constructs,
i.e., it was a phenotype-phenotype linkage rather than a
marker-phenotype or marker-marker linkage, as is more
typically reported. To our knowledge, this finding has not
yet been replicated, and its place in our understanding of
the genetics of anxiety disorders is potentially great but
still uncertain.

We collected a set of families suitable for linkage analy-
sis that would address our primary goal of identifying loci
influencing the development of panic disorder. The fami-
lies segregate not only panic disorder and agoraphobia,
but several other anxiety disorders, including social pho-
bia. In previous reports, we considered linkage to panic
disorder and agoraphobia (23) and simple phobia (24); in
the former article we presented evidence supporting ge-
netic risk factors that were largely specific for panic disor-
der or agoraphobia, and in the latter we presented strong
evidence for linkage of chromosome 14 markers to simple
phobia. In this report, we present results for social phobia.
We provide herein additional evidence for genetic loci
specifically affecting risk for different anxiety disorders, as
well as for loci that affect risk for more than one disorder.
We believe that this is the first genome-wide linkage scan
for social phobia.

Method

Pedigree Identification and Collection of DNA

Most families were first identified through the Anxiety Clinic at
the Connecticut Mental Health Center at Yale University. All fam-
ilies in this series were ascertained through probands with panic
disorder. A history of two or more additional family members
with symptoms of an anxiety disorder, one with panic disorder,
was required. Family history inclusion criteria were known symp-
toms of panic attacks, agoraphobia, generalized anxiety, or social
phobia with avoidance. Exclusion criteria included known bilin-
eal affection with anxiety disorders in the parents of probands,
certain comorbid diagnoses in probands (history of psychosis,
primary alcoholism, or primary substance abuse), insufficient
numbers of relatives available for assessment, refusal of the
proband to allow relatives to be contacted, or refusal of relatives
to participate. All subjects were European-American. For some
subjects, immortalized cell lines were created and DNA was ex-
tracted from the cell lines; for the remainder, DNA was extracted
directly from whole blood. All subjects gave informed consent as
approved by the relevant institutional review boards. The proce-
dures for social phobia, described here, are identical to those for
panic disorder and agoraphobia (23), as these analyses were car-
ried out in an overlapping set of pedigrees; however, the present
series has been augmented and contains genotyped individuals
who were not included in our previous studies of panic disorder,
agoraphobia, and simple phobia, and it excludes three families
with zero linkage information for social phobia.

Diagnosis

The Schedule for Affective Disorders and Schizophrenia—Life-
time Version (SADS-L) (25) (modified version to collect informa-
tion necessary for DSM-III-R diagnosis) was used in diagnosis for
most subjects, but a small number of recently assessed subjects
received the Structured Clinical Interview for DSM-IV Axis I Dis-
orders Research Version, Non-Patient Edition (26) (expanded to
collect additional anxiety information consistent with what was
collected in the modified SADS), instead. Direct interviews were
administered to each available individual in an extended pedi-
gree. Family history information on first- and second-degree rela-
tives was obtained from each person interviewed. All proband in-
terviews were conducted face to face. Some interviews for distant
subjects were completed by telephone. We used the best-estimate
procedure for diagnosis. Research diagnoses were made blindly
by one or more psychiatrists (including J.G.) according to DSM-

TABLE 1. Parameters of Analysis Models for Genetic Linkage
Analysis of Social Phobia in 17 Pedigrees With 163 Subjectsa

Model and Liability Class aa Aa AA
“Simple parametric” analysis, affected 

only
Affected only, dominant (disease allele 

frequency=0.01) 0.0025 0.0128 0.0128
Affected only, recessive (disease allele 

frequency=0.20) 0.0025 0.0025 0.0128
Autosomal dominant model (disease 

allele frequency=0.01)
Affected 0.0025 0.0128 0.0128
Females, age <20 years 0.05 0.50 0.50
Females, age ≥20 years 0.05 0.60 0.60
Males, age <20 years 0.05 0.30 0.30
Males, age ≥20 years 0.05 0.40 0.40

Autosomal recessive model (disease allele 
frequency=0.20)
Affected 0.0025 0.0025 0.0128
Females, age <20 years 0.05 0.05 0.70
Females, age ≥20 years 0.05 0.05 0.80
Males, age <20 years 0.05 0.05 0.50
Males, age ≥20 years 0.05 0.05 0.60

a These parameters were coded for input into Allegro (31).
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III-R criteria, based on information in the structured interview,
notes taken by the interviewer, information about each individual
obtained from relatives, and available medical records.

Among the 163 individuals (in 17 pedigrees) considered here,
the number of those affected with social phobia was 56 with defi-
nite cases and four with probable cases. Power analysis using
SIMLINK (27) with 100 replicates showed average Elod scores for
social phobia, under the assumption of genetic homogeneity, of
7.1 for a model of recessive inheritance and 8.7 for a model of
dominant inheritance.

Markers

Genotypes from 422 markers (18 X chromosome markers, 404
autosomal markers) were analyzed. The autosomal markers in-
cluded 378 from the Applied Biosystems PRISM LD-MD10 Link-
age Mapping Set, version 2.0 (Foster City, Calif.), plus six markers
used to replace failed markers from the Applied Biosystems set.
We also genotyped polymorphisms (mostly single-nucleotide
polymorphisms) at several candidate loci. Finally, additional
markers (mostly drawn from the Applied Biosystems PRISM LM-
HD5 marker set) were added to increase marker density, either in
regions of interest for simple phobia based on an analysis using
the 10-cM marker set (chromosome 14 markers) or in regions of
interest for panic disorder or agoraphobia based on previous re-
sults for those phenotypes. For markers that were on the Marsh-
field genetic map (28), the sex-averaged distances were used. For
the few markers not on the Marshfield map (mostly the candidate
polymorphisms), the nucleotide positions of the markers were
located in the National Center for Biotechnology Information map
viewer (http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?),
and the flanking markers with defined positions on the Marshfield
map and map viewer were identified. The genetic distance was
then estimated by using the approximation that 1 megabase=1
centimorgan (1 Mb=1 cM). Polymerase chain reaction, genotyp-
ing, and allele calling are described elsewhere (23).

Analysis

As described previously (23), the markers were checked for Men-
delian segregation errors by using Pedcheck (29) and then PREST
(30) to resolve pedigree discrepancies. Separate analyses were
done for “definitely” affected subjects (“narrow” definition) and for
an expanded set of cases including “probably” affected subjects
(“broad” definition). DSM-III-R criteria were used as the basis for
diagnosis under both the broad and narrow definitions; the differ-
ence was the reviewer’s degree of certainty of that diagnosis.

For linkage analysis, we used several stages: fully nonparamet-
ric analysis using the Zlr score, “simple parametric” (affected
only) analysis (described in more detail in the following), and
fully parametric (full model) analysis. Nonparametric Zlr and

semiparametric affected-only analyses (Table 1) were completed
at two different frequencies of the disease allele (p=0.01 and p=
0.20, corresponding to models for dominant and recessive inher-
itance), and parametric analyses were completed under models
of dominant and recessive inheritance (Table 1). In the paramet-
ric models, unaffected individuals were modeled with several lia-
bility classes based upon age and sex, and values for individuals
without data were set to “missing.” The liability classes were de-
rived from published prevalence data (8) and from age-at-onset
observations in this series and a previous panic disorder linkage
study (32). The models used are consistent with a higher inci-
dence in females than in males, with the majority of incident
cases occurring before age 20. Age at onset in the present series
was similar to what has been reported previously for this pheno-
type. Specifically, for the 56 definite cases, there were two onsets
between (inclusive) ages 5 and 9 years, 22 between 10 and 14
years, 22 between 15 and 19 years, seven between 20 and 24 years,
two between 25 and 29 years, and one between 40 and 44 years.

Allegro (31) was used for all analyses of autosomal markers. Zlr
scores are reported rather than NPL scores (for essentially model-
free results based on allele sharing) because it has been demon-
strated that the NPL scores calculated by Genehunter are too con-
servative when inheritance data are incomplete, and this prob-
lem is addressed by the Genehunter-Plus Zlr algorithm (33) also
incorporated in Allegro. Allegro is otherwise similar to Gene-
hunter, but it is faster and allows analysis of somewhat larger fam-
ilies than Genehunter. Lod scores (logarithm of the odds ratio for
linkage) and Zlr scores were calculated at each marker and at one
point equidistant between each marker pair. Genehunter X (34)
was used for X chromosome analyses.

An affected-only analysis involves setting penetrances low and
disease allele frequencies high and analyzing only the phenotypes
for affected subjects, with the others set to “unknown phenotype.”
These choices reduce some of the difficulties with lod score analy-
sis when the genetic model is not exactly known, because assump-
tions about unaffected individuals can be reduced (35). (In gen-
eral, applying model-based linkage analysis when the model is
unknown will primarily result in false negative rather than false
positive results [36].) The model used in these analyses is based on
the assumption that the locus being mapped accounts for only a
fraction of the population-level risk for the phenotype and that
there are multiple phenocopies and sporadic cases.

Results

Linkage results for social phobia for the fully parametric
model (lod score) and nonparametric model (Zlr score)
(Table 2) are summarized in Figure 1 and Figure 2. Two re-

TABLE 2. Genetic Locations With Lod Scores Showing at Least “Suggestive” Significance in Fully Parametric Analyses or Zlr
Scores of 2.25 or Higher in Nonparametric Analyses of Linkage to Social Phobia in 17 Pedigrees With 163 Subjects

Model of Inheritance and Disease 
Definition (r=recessive, d=dominant,
n=narrow, b=broad)a Chromosome

Location
(cm)

Zlr 
Score

Span With 
p<0.01 (cM)

p for Zlr 
Score Information Marker

Lod 
Score

Span With 
Lod Score 
>1.8 (cM)

d/b 9 26.9 1.58 0.0568 0.83 D9S157 1.94 22.8–26.9
r/b 14 45.2 2.52 30.2–49.4 0.0058 0.92 D14S288 –1.88
r/b 16 62.3 3.41 40.6–93.9 0.0003 0.84 0.30
r/b 16 71.1 2.93 0.0017 0.66 2.22 71.0–88.1
r/b 18 35.1 2.25 0.0121 0.42 D18S464 –1.30
r/b 18 40.1 2.79 0.0026 0.44 –0.93
r/n 14 45.2 2.93 30.2–63.6 0.0017 0.97 D14S288 –1.51
r/n 16 66.7 2.81 40.6–93.9 0.0025 0.87 D16S415 0.21
r/n 16 71.1 2.51 0.0061 0.71 2.06 71.0–88.1
r/n 18 40.1 2.41 0.0081 0.41 –0.87
a The narrow definition included only subjects who definitely met the criteria for social phobia (N=56); the broad definition also included sub-

jects who were probably affected (N=60).
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FIGURE 1. Genome-Wide Results of Nonparametric Analyses of Genetic Linkage of Social Phobia in 17 Pedigrees With 163
Subjects, Based on Broad and Narrow Definitions of Social Phobiaa

a The narrow definition included only subjects who definitely met the criteria for social phobia (N=56); the broad definition also included sub-
jects who were probably affected (N=60).

FIGURE 2. Genome-Wide Heterogeneity Lod (Hlod) Scores for Four Parametric Models of Genetic Linkage of Social Phobia
in 17 Pedigrees With 163 Subjects, Based on Dominant and Recessive Inheritance and Broad and Narrow Definitions of
Social Phobiaa

a The narrow definition included only subjects who definitely met the criteria for social phobia (N=56); the broad definition also included sub-
jects who were probably affected (N=60).

0.0

0.5

1.0

1.5Z
lr

 S
co

re

2.0

2.5

3.0

Narrow diagnosis 

Broad diagnosis 

3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1918 20 2221 X

Chromosome

0.0

1.0

0.0/2.0

1.0

0.0/2.0

1.0

0.0/2.0

1.0

H
lo

d
 S

co
re

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1918 20 2221 X

Chromosome

Dominant inheritance, narrow diagnosis

Dominant inheritance, broad diagnosis

Recessive inheritance, narrow diagnosis

Recessive inheritance, broad diagnosis



Am J Psychiatry 161:1, January 2004 63

GELERNTER, PAGE, STEIN, ET AL.

http://ajp.psychiatryonline.org

gions provided statistical support for linkage at the “sug-
gestive” level (37). The first of these, on chromosome 16,
covers an extensive region. The maximum lod score ob-
served in this region was 2.22 (recessive/broad model) at
position 71.1. This was also the highest lod score observed
in the present study. The recessive/narrow model gave a
lod score of 2.06 at the same location. The maximum Zlr
score observed in this region, and the highest for this
study, was 3.41, at position 62.3 (p=0.0003). This Zlr score
is included in a region from position 40.6 to 93.9 where the
Zlr score is greater than 1, a region of 53.3 cM (Figure 3).
The second, on chromosome 9 at marker D9S157, showed
a lod score of 1.94 (dominant/broad model). The corre-
sponding Zlr score was 1.58.

Other regions of interest were identified on chromo-
somes 14 and 18. On chromosome 14, Zlr scores of 2.93
and 2.52 were observed at marker D14S288 (position 45.2)
under narrow and broad disease definitions, respectively.
However, the lod score at this position was negative. On
chromosome 18, Zlr scores of 2.79 (p=0.0026) and 2.41 (p=
0.0081) were observed at position 40.1, under broad and
narrow disease definitions, respectively.

In the affected-only (or “simple parametric”) analysis
(Table 3), heterogeneity lod (Hlod) scores above 2 were ob-
served for locations on chromosomes 14 and 16. On chro-
mosome 14, Hlod scores of 2.82 (α=0.21) and 2.06 (α=0.36)
were observed at markers D14S276 and D14S288, respec-
tively, under the p=0.01/narrow and p=0.01/broad mod-
els, respectively. A lod score of 2.47 was observed for the p=
0.01/narrow model as well at position 43.3, close to
D14S276. On chromosome 16, an Hlod score of 2.66 (α=
0.22) and a lod score of 2.48 were observed at position 51.8
(marker D16S3136). No lod or Hlod score above 1.8 was
observed under the p=0.20 affected-only model.

The strongest evidence for linkage was thus found on
chromosome 16, with lod score 2.48 and Hlod score 2.66
(simple parametric analysis, dominant/narrow), lod score
2.22 (recessive/broad), and lod score 2.06 (recessive/nar-
row), together with Zlr score 3.41, all observed within a
span of about 20 cM. These results taken together may be
considered strongly suggestive of linkage to this region.

Discussion

To our knowledge, this is the first genome-wide scan
linkage study of social phobia. The strongest evidence for
linkage to social phobia was on chromosome 16. A Zlr
score of 3.41 was observed for chromosome 16 near
marker D16S415 (p=0.0003), in the context of lod scores
higher than 2 under several models (with the most notable
parametric model results based on the assumption of re-
cessive inheritance). The most obvious candidate gene
mapped in this broad region is SLC6A2 (“solute carrier
family 6 member 2”), the norepinephrine transporter pro-
tein locus (protein product, NET1), which maps close to
D16S3136.

The norepinephrine transporter plays the physiological
role of reuptake of norepinephrine and dopamine into
presynaptic neurons, terminating neurotransmission. It is
a target for some medications that are effective for the
treatment of social anxiety disorder, including venlafaxine
(38) and, possibly, paroxetine (39). Adrenergic tone clearly
plays a role in the experience of some of the physiological
concomitants of anxiety, and blockade of norepinephrine
can be involved in relief of some symptoms of anxiety. Fur-
thermore, there is preliminary evidence that dopamine
metabolism may be abnormal in social phobia (40). These
observations make SLC6A2 (which succeeded “SLC6A5”
as the locus symbol for this gene) a clear candidate gene
for anxiety disorders in general (41) and social phobia in
particular.

We are aware of two previous linkage studies of social
phobia (20, 21). Those reports considered markers at a total
of six candidate loci in a group of subjects somewhat smaller
than the present study group, without evidence of linkage;
SLC6A2 was not among the candidate genes evaluated.

We may consider all of the linkage results presented
herein in the context of results for other anxiety disorders,
sometimes comorbid with social phobia and with each
other, obtained in the larger group of subjects from which
the present study group was drawn. Chromosome 16
markers generated Hlod scores in the range of 1.1–1.4 and
Zlr scores as high as 2.51 for the simple phobia phenotype
(24) but no lod, Hlod, or nonparametric linkage scores of
interest (NPL scores, in this case) for panic disorder or
agoraphobia (23).

FIGURE 3. Results of Nonparametric Analyses (Zlr scores)
and Parametric Analyses (lod scores) of Linkage of Markers
on Chromosome 16 to Social Phobia in 17 Pedigrees With
163 Subjects
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The region of interest for social phobia on chromosome
9 does not overlap with regions of interest for simple pho-
bia, panic disorder, or agoraphobia. Hlod scores for this
region were high consistently across all parametric mod-
els (Figure 2). The region of interest for social phobia on
chromosome 14 (Hlod score=2.82 under the dominant/
narrow model, Zlr score=2.52 under a broad model) (Fig-
ure 1 and Figure 2) overlaps with a region of significant
linkage for simple phobia we reported earlier (lod score as
high as 3.70 under a simple parametric model) (24). This
same region also generated NPL scores higher than 2 for
both panic disorder and agoraphobia (23). The region of
interest for social phobia on chromosome 18 (Zlr score=
2.41 under a model with a narrow diagnosis definition)
does not find any corresponding positive linkage values
for panic disorder or agoraphobia, but we previously (24)
reported a Zlr score of 1.84 for simple phobia (model with
narrow diagnosis definition) about 10 cM distant.

The regions of greatest interest for panic disorder (chro-
mosomes 1 and 11) and agoraphobia (chromosome 3) (23)
were not identified as areas of interest for social phobia.
Thus, the results, considered together, suggest that a chro-
mosome 16 locus may be important in determining social
phobia risk, is less likely to be important for simple phobia
risk, and does not contribute to panic disorder or agora-
phobia. Conversely, the loci that were most likely to be im-
portant for the risk for panic disorder and agoraphobia do
not appear to be important for social phobia. Finally, a
chromosome 14 locus that is significantly linked to simple
phobia may be of lesser importance for social phobia,
panic disorder, and agoraphobia. Of all of the possible
linkages identified in parts of this group of subjects, the
putative chromosome 14 locus is most likely to play a role
in susceptibility to a range of anxiety-related phenotypes.
These observations are consistent with a hypothesis sug-
gested by patterns of comorbidity among the anxiety dis-
orders and presented by us (23) and earlier by Kendler et
al. (42) in a broader context, that there may be risk loci that
increase risk for several anxiety disorders and other risk
loci that are more specific to certain anxiety disorders.
Without the existence of such shared risk loci, it is difficult
to explain the elevated rates of co-segregating social and
simple phobia in pedigrees recruited not for these disor-
ders but for high rates of panic disorder.

It is possible that social phobia as observed in this set of
families selected for panic disorder may represent a ge-

netic subtype that is different from social phobia as ob-
served in the general population or in families selected
specifically for aggregation of social phobia. If this is the
case, the findings may not generalize to a differently ascer-
tained study group. This strategy may also have decreased
genetic heterogeneity for social phobia in our particular
group, and such a decrease would be expected to be ad-
vantageous for gene mapping for those specific loci en-
riched in the group.

Power analysis suggested that this study group had ade-
quate power to detect linkage when the phenotype stud-
ied was inherited in a simple Mendelian fashion, which
was clearly a liberal assumption. Not surprisingly, our data
support complex inheritance for this common disorder.
The size of the group was only small to moderate for map-
ping a complex trait, but the power is made greater than
that for a disorder with later onset (such as panic disorder)
by the relatively greater informativeness of younger sub-
jects due to a more favorable age-corrected liability curve
for social phobia. Also, an extended-pedigree design, such
as we employed, provides greater power for a given group
size than many other designs used to study the genetics of
complex traits, such as affected sibling pair designs.

A confluence of strong “suggestive” results under differ-
ent analytic models, taken together with the presence in
the genomic region of a favored candidate gene (SLC6A2,
which encodes NET1) (41), supports the possibility of a so-
cial phobia risk locus on chromosome 16. These results re-
quire confirmation in additional groups of subjects. Ide-
ally, this would occur in subjects collected through social
phobia probands. A future study could also be enhanced
by consideration of quantitative or presumptive interme-
diate phenotypes, such as heart rate, plasma norepineph-
rine level or other catecholamine index (such as 3-meth-
oxy-4-hydroxyphenylglycol), or imaging measures that
offer an opportunity to use specific ligands to directly im-
age the norepinephrine transporter.
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TABLE 3. Genetic Locations With Lod or Heterogeneity Lod (Hlod) Scores Showing at Least “Suggestive” Significance in
Simple Parametric Analyses of Linkage to Social Phobia in 17 Pedigrees With 163 Subjects

Model of Inheritance and Definition 
of Social Phobiaa Chromosome

Location 
(cM) Marker Lod Score

Hlod 
Score >2 α

Span for Hlod 
Score >1 (cM)

Dominant inheritance, broad definition 14 45.2 D14S288 1.16 2.06 0.36 22–50
16 51.8 D16S3136 2.48 2.66 0.22 37–72

Dominant inheritance, narrow definition 14 45.2 D14S276 2.82 0.21 23–70
14 43.3 2.47

a The narrow definition included only subjects who definitely met the criteria for social phobia (N=56); the broad definition also included sub-
jects who were probably affected (N=60).
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