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Background. We aimed to provide unbiased estimates of familial risk and heritability of social anxiety disorder (SAD)
and avoidant personality disorder (AVPD).

Method. We identified 18 399 individuals diagnosed with SAD and 2673 with AVPD in the Swedish National Patient
Register between 1997 and 2009. Risks (odds ratios; OR) for SAD in all biological and non-biological relatives of
probands, compared to relatives of unaffected individuals were calculated. We also estimated the risks for AVPD in rela-
tives of probands with SAD.

Results. The risk for SAD among relatives of SAD probands increased proportionally to the degree of genetic related-
ness. The risks for first-degree relatives [OR 4.74, 95% confidence interval (CI) 4.28-5.25] were significantly higher than
for second-degree and third-degree relatives. Second-degree relatives (OR 2.30, 95% CI 2.01-2.63) had significantly
higher risk than third-degree relatives (OR 1.72, 95% CI 1.52-1.94). Relatives at similar genetic distances had similar
risks for SAD, despite different degrees of shared environment. Heritability was estimated to be approximately 56%.
There were no significant sex differences in the familial patterns. The risk of AVPD in relatives of SAD probands was
significantly elevated, even after excluding individuals with both diagnoses (first-degree OR 3.54, second-degree OR
2.20, third-degree OR 1.62). Non-biological relatives (spouses/partners) also had elevated risks for both SAD (OR
4.01) and AVPD (OR 3.85).

Conclusions. SAD clusters in families primarily due to genetic factors. SAD and AVPD are aetiologically related and
may represent different expressions of the same vulnerability. The strong marital concordance observed in SAD/
AVPD may indicate assortative mating but the exact mechanisms and implications require further investigation.
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Introduction et al. 2000; Tillfors et al. 2001; Merikangas et al. 2003;
Coelho et al. 2007). These previous family studies
were carefully conducted but also had important lim-
itations. First, families were primarily recruited from
specialist anxiety clinics, potentially resulting in the in-
clusion of more severe and impaired cases. Families
with several affected members may have been more
likely to participate in such studies, thus inflating the
familial risk. Second, although controls were randomly
selected using various procedures, families with
greater (or fewer) concerns about emotional difficulties
may have volunteered to participate more often, lead-
ing to inaccurate estimates. These possible biases can
optimally be addressed by examining the familial
structure of SAD at the population level (Berkson,
1946), recruiting patients from non-specialist clinics
and randomly selecting control families from the gen-

Social anxiety disorder (SAD) is one of the most preva-
lent anxiety disorders, often has an early age of onset, a
chronic course and is associated with substantial dis-
ability and co-morbidity with other emotional disor-
ders and substance abuse (Stein & Stein, 2008).

SAD is widely acknowledged to run in families and
possibly have a genetic, or partly genetic cause. Family
studies indicate that SAD is 2-9 times more common in
first-degree relatives of SAD probands compared to
first-degree relatives of healthy controls (Reich &
Yates, 1988; Fyer et al. 1993; Stein et al. 1998; Lieb
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eral population. Third, studies conducted to date
were underpowered to calculate risks for relatives
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with different degrees of genetic relatedness to the pro-
band and different degrees of shared environmental
exposures. Consequently, these studies could not dis-
entangle genetic from environmental factors contribu-
ting to the observed familiality. Several twin studies
of diagnosed SAD cases (Reichborn-Kjennerud et al.
2007) or dimensionally scored SAD symptoms in non-
clinical populations (Kendler et al. 1992, 1999, 2001;
Warren et al. 1999; Nelson et al. 2000; Stein et al. 2002;
Mosing et al. 2009) suggest that both additive genetic
(widely ranging between 20% and 55% of the variance)
and non-shared environment effects may account for
most of the variance in SAD symptoms, with shared
environment making a small or negligible contri-
bution, but the wide range of estimates indicates that
further research is needed.

SAD substantially overlaps with avoidant person-
ality disorder (AVPD), to the extent that it has been
debated whether the latter should be removed from
the nomenclature altogether (Stein & Stein, 2008).
SAD and AVPD may be part of a severity continuum,
with the two disorders being quantitatively, rather
than qualitatively, different (Bogels et al. 2010). Some
family studies have found that SAD and AVPD
co-aggregate in the same families (Stein et al. 1998;
Tillfors et al. 2001; Chavira et al. 2007) but, given the
relatively low prevalence of AVPD, these studies were
generally underpowered. A population-based bivariate
twin study in Norwegian females found that SAD and
AVPD symptoms were influenced by genetic factors
common to both disorders, whereas non-shared
environmental influences were largely disorder-specific
(Reichborn-Kjennerud et al. 2007). Given the paucity of
data and limited statistical power of previous investiga-
tions, further research is needed to understand the
nature of the familial link between SAD and AVPD.

In an attempt to overcome some of these limitations
and provide unbiased estimates of family clustering
and heritability of SAD and AVPD at the population
level, we linked and analyzed data from two
Swedish population-based registers and tested four hy-
potheses: (1) SAD will cluster in families at the popu-
lation level; (2) the risk of SAD in relatives will
increase proportionally to the degree of genetic related-
ness to the proband; (3) shared environment effects
will be negligible and (4) the risk of AVPD will be
higher in relatives of probands with SAD compared
to relatives of controls.

Method
Swedish registers

Following approval from the Regional Ethics
Committee in Stockholm, we linked two Swedish
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national registers, using the individual national regis-
tration numbers assigned at birth.

The Multi-Generation Register contains information
about the identity of biological and adoptive parents
of each individual born in Sweden since 1932 (with
the mother as informant) or who immigrated to
Sweden together with one or both parents before the
age of 18 years and lived in Sweden at any time
since 1961. Unless the biological/adoptive parents
have actually lived in Sweden since 1947, when the
national personal identification number was intro-
duced, it is not possible to identify them. The father
was defined either as the mother’s husband at the
time of birth, or the man acknowledged as father by
unmarried mothers. With information on parents, it
is possible to create family pedigrees for all individuals
with relatives at increasing genetic and environmental
distances from each index person. For instance, indivi-
duals sharing parents may be identified as siblings,
and those sharing grandparents as cousins. It is
also possible to include non-biological relatives like
spouses/partners and adopted children.

The National Patient Register contains diagnostic in-
formation about all psychiatric patients treated in
Sweden since 1969, with each consultation as a unique
record in the register. Initially, it contained information
on all inpatient care. From 2001, however, it also
includes individuals with outpatient visits to specialist
physicians (other than general practitioners) that
resulted in one or more psychiatric diagnoses accord-
ing to the ICD-10. This register has been heavily used
for research purposes (Ludvigsson et al. 2011).

ICD diagnostic codes

SAD and AVPD probands were defined as individuals
identified in the National Patient Register (1997-2009)
with at least one diagnosis of social phobia (ICD-10
code F40.1) or AVPD (ICD-10 code F60.6). Note that
ICD-10 codes were first introduced in Sweden in
1997 and that previous editions of ICD did not separ-
ate different types of phobia.

Main data analyses

The risk of SAD and AVPD in relatives of probands
with SAD were compared to the risk in relatives of
10 randomly selected, unaffected control individuals
matched by sex, birth year and county of residence at
the time of the first recorded SAD diagnosis of the pro-
band. Relatives were also matched by sex and birth
year. For instance, for each proband, we detected all
possible proband-full-sibling pairs, and randomly
selected 10 control-full-sibling pairs matched to pro-
band-sibling pairs by sex and birth year. Because
each proband may appear multiple times in different
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categories (e.g. parent, sibling, cousin) depending on
family structure, the matching was done separately
for each proband-relative pair to ensure adequate con-
trol of cohort/period effects and allow for equal time at
risk for proband relatives and control relatives. The
matching procedure was used for all available first-,
second- and third-degree relatives, as well as non-
biological relatives of each proband. First-degree rela-
tives included full siblings, parents, and children.
Second-degree relatives included maternal and pa-
ternal half-siblings, grandparents and grandchildren,
uncles/aunts, and nephews/nieces. Third-degree rela-
tives consisted of first cousins. Non-biological relatives
were defined as individuals who had at least one child
together (e.g. spouses and partners). There were too
few affected twins and adopted cases available for
analysis.

Because the data were matched and the outcome di-
chotomous, we employed a conditional logistic re-
gression model with the ProCc PHREG procedure in
SAS, v. 9.3 (SAS/STAT®, 2004). Because several poss-
ibly correlated pairs of relatives from every family
could be included in the analysis, we adjusted for the
non-independence of family members (e.g. several sib-
ling pairs, which share the same parents) by comput-
ing corrected (less narrow) confidence intervals (Cls)
with a robust sandwich estimator (covsandwich option
in PHREG) (Lichtenstein et al. 2009; Frisell et al. 2011;
Tidemalm et al. 2011; Mataix-Cols et al. 2013).

As a complementary measure of familial risk, tetra-
choric correlations were calculated from the
unmatched data. From this, we estimated additive gen-
etic effects comparing full siblings and maternal half-
siblings (assuming that they have similar shared envir-
onments but 50% v. 25% genetic similarity, on aver-
age). We employed a variation of Falconer’s formula
(Falconer, 1960):

Va = 4(p full siblings — p maternal half-siblings),

where V, =additive genetic effects and p = tetrachoric
correlation.

We also examined potential gender effects by separ-
ately analysing respective pairs of male-male, male-
female, female-female and female-male probands
and relatives.

Sensitivity analyses

Although the diagnosis of SAD is usually straight-
forward, all statistical analyses described above were re-
peated excluding all individuals with other
relevant mental disorders that may potentially lead to
differential diagnostic difficulties, namely pervasive de-
velopmental disorders (F84), schizophrenia, schizotypal

and delusional disorders (F20-F29), paranoid
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personality disorder (F60.0) and schizoid personality
disorder (F60.1).

Results
Sample characteristics

From a total population of 10667 319 unique indivi-
duals who were alive and resident in Sweden during
1997-2009, we identified 18 399 individuals diagnosed
with SAD (i.e. ICD-10 social phobia) and 2673 indivi-
duals with AVPD. Of these, 679 individuals had been
diagnosed with both SAD and AVPD. In cases with a
diagnosis of SAD, 3.7% also had a diagnosis of
AVPD, whereas in cases of AVPD, 25.4% also had a di-
agnosis of SAD (Table 1). On average, patients with
SAD and AVPD had three contacts with a psychiatrist
during the study period [SAD, mean=3.3 (s.0.=4.5)
contacts; AVPD, mean=3.1 (5.0.=4.1) contacts].

Of the SAD subjects, 88% had at least one lifetime
psychiatric co-morbidity; 40.9% had at least one other
anxiety disorder [excluding obsessive compulsive dis-
order (OCD)], 8.3% OCD, 53.2% depression, 26.6%
any substance use, 6.4% schizophrenia and 6.7% bipolar
disorder. Furthermore, 16.1% had personality disorders
other than AVPD. The AVPD probands had even higher
rates of psychiatric co-morbidity (94%), particularly
anxiety disorders (77.1%), depression (61.5%) and
other personality disorders (23.4%).

Familial risk of SAD

First-degree relatives of individuals with SAD (50%
genetic similarity) had a significantly higher risk of
having SAD than second-degree relatives (25% genetic
similarity) and third-degree relatives (12.5% genetic
similarity). In turn, the odds ratios (ORs) for second-
degree relatives were significantly higher than for
third-degree relatives (Table 2 and Fig. 1). This pattern
is strongly suggestive of genetic influences on the liab-
ility to SAD.

Shared environmental influences on SAD appeared
to be considerably less important. Full siblings, par-
ents, and children of SAD probands (all with 50% gen-
etic similarity but siblings assumed to have more
shared environment as they grew up together in the
same family during about same period of time) had
comparable risks. Additionally, the risks for full sib-
lings (50% genetic similarity) were significantly higher
than that for maternal half-siblings (25% genetic simi-
larity), despite similar environmental exposure.
Furthermore, maternal and paternal half-siblings had
comparable risks of having a diagnosis of SAD [both
with 25% genetic similarity but with maternal half-
siblings sharing more environment as most (90%) chil-
dren in Sweden continue to live with their mother after
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Table 1. Characteristics of 18 399 individuals diagnosed with social anxiety disorder (SAD) (ICD-10 social phobia) and 2673 individuals with
a diagnosis of avoidant personality disorder (AVPD) identified in the Swedish National Patient Registers between 1997 and 2009

SAD

AVPD

SAD only
(N=17720)

AVPD only
(N=1994)

SAD and AVPD
(N=679)

Women, n (%)

Men, n (%)

Outpatients, n (%)

Inpatients, 1 (%)

Both out- and inpatients, n (%)

9555 (51.9%)

8844 (48.1%)

16 085 (87.4%)
1324 (7.2%)
990 (5.4%)

Age at first diagnosis, mean (s.D.) years 33.8 (13.0)

1572 (58.8%)
1101 (41.2%)
2127 (79.6%)

9203 (51.9%)
8517 (48.1%)
15506 (87.5%)

1220 (61.2%)
774 (38.8%)

( 352 (51.8%)
(
1526 (76.5%)
(
(
(

327 (48.2%)
558 (82.2%)

387 (145%) 1287 (7.3%) 349 (175%) 22 (3.2%)
159 (5.9%) 927 (5.2%) 119 (6.0%) 99 (14.6%)
39.7 (14.7) 33.8 (13.1) 419 (152) 335 (11.1)

Table 2. Risks of social anxiety disorder in relatives of probands diagnosed with social anxiety disorder in Sweden (1997-2009, N =18 399)

compared to relatives of matched controls, and tetrachoric correlations

Average
degree of
genetic Number Concordant Matched OR Tetrachoric
Relation to proband similarity of dyads pairs (95% CI) correlation
First-degree relatives
Full siblings 50% 270878 471 5.08 (4.50-5.73) 0.27
Parents 50% 328350 161 4.36 (3.70-5.15) 0.16
Offspring 50% 179123 161 4.40 (3.72-5.20) 0.16
Total 50% 778351 793 4.74 (4.28-5.25) 0.20
Second-degree
relatives
Maternal 25% 52064 69 2.00 (1.43-2.79) 0.13
half-siblings
Paternal half-siblings 25% 60738 61 1.79 (1.27-2.51) 0.10
Uncles or aunts 25% 424 685 174 249 (2.13-2.92) 0.08
Nephews or nieces 25% 330579 173 2.35 (2.00-2.76) 0.08
Grandparents 25% 275441 4 1.12 (0.42-2.94) —0.08
Grandchildren 25% 52049 4 0.93 (0.35-2.51) —0.08
Total 25% 1195556 485 2.30 (2.01-2.63) 0.08
Third-degree relatives
First cousins 12.5% 881496 508 1.72 (1.52-1.94) 0.08
Non-biological
relatives
Spouses/partners® 0% 103 875 97 4.01 (3.26—4.95) 0.21

OR, Odds ratio; CI, confidence interval.

#Individuals who have at least one child together with the proband.

parental divorce or separation] (Statistics Sweden,
1994). Finally, first cousins (12.5% genetic similarity)
had a 72% higher risk of having SAD compared to con-
trols, despite no or marginal shared environmental ex-
posure with the SAD proband.

Non-biological relatives (i.e. spouses or partners
sharing at least one child in common with the pro-
bands) were significantly more likely to have SAD
themselves, compared to non-biological relatives of
matched controls. In fact, their OR (4.01, 95% CI
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3.26-4.95) was significantly higher than the risk for
biological second- and third-degree relatives.

Tetrachoric correlations and heritability estimates

Tetrachoric correlations were substantially higher for
first-, compared to second- and third-degree relatives
(Table 2). Contrasting full siblings and maternal half-
siblings (assuming similar shared environments but
50% v. 25% genetic similarity, on average), allowed
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Parents
Offspring

Total first degree

Maternal half-siblings
Paternal half-siblings

Unclesl/aunts
Nephews/nieces
Total second degree
First cousins
Spouses/partners

Fig. 1. Odds ratios [with 95% confidence intervals (CI)] for social anxiety disorder (SAD) among relatives with differing
genetic and environmental distances to all diagnosed SAD cases in the Swedish National Patient Register (1997-2009)
compared to matched population controls. Each individual in the study population may appear multiple times in different
categories (e.g. parent, sibling, cousin) depending on family pedigree. Circles indicate first-degree relatives; diamonds,
second-degree relatives; triangles, third-degree relatives; and squares, non-biological relatives. Non-biological relatives are
individuals who have at least one child together with the proband with SAD.

us to estimate the genetic contribution to SAD liability
to be approximately 0.56 (or 56%).

Gender effects

Analyses by gender of the proband and gender of
the relative showed comparable ORs for male-male,
male—female, female-male and female—female dyads
(online Supplementary Table S1).

AVPD in relatives of SAD probands

First-degree relatives of individuals with SAD were
approximately 3—4 times more likely to have a diag-
nosis of AVPD. Second- and third-degree relatives
had approximately a 2-fold increased risk of AVPD.
Finally, mating partners of individuals with SAD
were approximately 3—4 times more likely to have a di-
agnosis of AVPD. These associations largely remained
unchanged after the exclusion of probands and rela-
tives with a double diagnosis of SAD and AVPD
(Table 3).

SAD and AVPD in relatives of AVPD-only probands

The risk of SAD in relatives of AVPD-only probands
(N=1994) was approximately the same as the risk of
AVPD in relatives of SAD probands, although the stat-
istical power was more limited, resulting in larger Cls
(online Supplementary Table S2). Additionally, the risk
of AVPD in relatives of AVPD-only probands, was
similar to the risk of SAD in relatives of SAD probands,
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although again this analysis was underpowered
(online Supplementary Table S2).

Sensitivity analyses

The main findings reported above did not change sub-
stantially after the exclusion individuals who had a
lifetime diagnosis of pervasive developmental disor-
ders, schizophrenia, schizotypal and delusional disor-
ders, paranoid personality disorder, or schizoid
personality disorder (online Supplementary Table S3).

Discussion

Confirming previous, much smaller, family studies pri-
marily conducted in clinical settings, SAD was signifi-
cantly more prevalent among biological relatives of
SAD probands than in relatives of matched population
controls. Further, the risk of SAD in relatives increased
significantly with increasing genetic relatedness to the
proband. Previous twin studies of categorically diag-
nosed SAD (Reichborn-Kjennerud et al. 2007) or
dimensionally measured SAD symptoms in non-
clinical samples (Kendler et al. 1992, 1999, 2001;
Warren et al. 1999; Nelson et al. 2000; Stein et al. 2002;
Mosing et al. 2009) estimated the additive genetic con-
tribution to range between 20% and 55%. Our approxi-
mate heritability estimates (56%) are at the higher end
of that range.

Together with the previous twin literature
(Kendler ef al. 1992, 1999, 2001; Warren et al. 1999;
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Table 3. Risks of avoidant personality disorder (AVPD) in relatives of probands with social anxiety disorder (SAD) compared to relatives

of matched controls, before and after exclusion of probands with AVPD and relatives with SAD

Average
degree of
genetic Number Concordant Matched OR Tetrachoric
Relation to proband similarity (%) of dyads® pairs® (95% CI)? correlation®
First-degree relatives (total) 50 778351 80 4.03 (3.14-5.17) 0.13
[741 853] [43] [3.54 (2.53-4.97)] [0.10]
Second-degree relatives (total) 25 1195556 61 1.83 (1.36-2.48) 0.06
[1146 154] [43] [2.20 (1.54-3.15)] [0.06]
Third-degree relatives 12.5 881496 64 1.84 (1.42-2.38) 0.08
[841138] [39] [1.62 (1.16-2.25)] [0.07]
Non-biological relatives® 0 103 875 11 3.71 (2.02-6.83) 0.15
[100012] [10] [3.85 (2.04-7.27)] [0.16]

OR, Odds ratio; CI, confidence interval.

?The values in square brackets correspond to analyses excluding probands with AVPD and relatives with SAD.
P Individuals who have at least one child together with the proband.

Nelson et al. 2000; Stein et al. 2002; Reichborn-Kjennerud
et al. 2007; Mosing et al. 2009), our data suggest that
SAD runs in families primarily due to genetic factors
and that shared environmental factors may make a
much smaller contribution to the aetiology of the dis-
order. Instead, unique or non-shared environmental
influences may confer increased risk to developing
SAD. Even family factors traditionally considered as
‘shared’ environment, such as marital conflict, could
technically be classified as ‘non-shared’ (e.g. parenting
being experienced as different among siblings)
(Plomin, 2011). The identification of genetic differences
in susceptibility to particular environments (gene—en-
vironment interactions) in SAD will be an important
challenge for the future. Finally, the possibility of
gene—environment correlations should also be investi-
gated, as it is plausible that genetic factors could influ-
ence the specific environmental experiences of children
vulnerable to developing SAD (Jaffee & Price, 2007).

No gender differences in familial patterns

While SAD tends to be more prevalent in women, and
male and female patients with SAD differ on several
clinical variables, such as clinical symptoms,
co-morbidity patterns and help-seeking behaviours
(Weinstock, 1999; Xu et al. 2012), our results suggest
that the familial risk for SAD is comparable in male
and female probands, regardless of the sex of the rela-
tive. Previous family (Tillfors et al. 2001) and twin
(Kendler et al. 2002) studies of SAD had provided
mixed results in this regard but were probably under-
powered to examine gender differences. The prediction
for molecular genetic research would be that when
specific genes associated with SAD are identified,
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they will be associated with SAD in both sexes and
that they will have similar effect sizes in males and
females. However, the results do not preclude the
role of gender-specific precipitating or maintaining fac-
tors, such as those linked to the reproductive cycle in
females (Weinstock, 1999).

Are SAD and AVPD aetiologically related?

Supporting previous, much smaller studies (Stein
et al. 1998; Tillfors et al. 2001), we found that biological
relatives of individuals with SAD were significantly
more likely to have a diagnosis of AVPD, even after
excluding probands with AVPD and relatives with
SAD. The same was true when we examined the
risks of SAD in relatives of probands with AVPD.
The ORs tended to be significantly higher for first-
compared to second- and third-degree relatives,
although some of the CIs overlapped. Due to the rela-
tively low prevalence of AVPD, these analyses may
have been underpowered to fully separate the various
types of relatives, particularly after the exclusion of
individuals who had both diagnoses. Thus, we cannot
confidently confirm whether the familial link between
SAD and AVPD is explained by shared genetic or
shared environmental factors. However, combined
with previous twin research (Reichborn-Kjennerud
et al. 2007), the results suggest that SAD and AVPD
are probably phenotypic variants of the same under-
lying vulnerability. An alternative explanation is
that clinicians do not reliably or consistently make
the distinction between SAD and AVPD, or regard
the latter as a severe variant of the former. In both
instances, the implication for molecular genetic re-
search would be that when susceptibility genes are
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identified for one condition, it would be reasonable to
suspect that they may also be involved in the other
disorder and vice versa. It is, however, unlikely that
these genes will directly underlie these ‘man-made’
diagnoses; rather, these genes are more likely to
underlie more basic temperamental dimensions,
such as neuroticism or behavioural inhibition, which
in turn increase the risk for SAD and AVPD, along-
side other emotional disorders (Stein et al. 1998;
Stein & Stein, 2008).

SAD/AVPD in non-biological relatives

Although not hypothesized, non-biological relatives of
probands with SAD (defined as individuals who have
at least one child together with the proband) were
approximately four times more likely to also have a di-
agnosis of SAD, compared to non-biological relatives
of controls. This was also true for AVPD, even after
the exclusion of probands with SAD and relatives
with AVPD.

To our knowledge, an increased risk of clinically
diagnosed SAD or AVPD in spouses/partners of SAD
probands has not been reported before. We have re-
cently reported a similar, albeit smaller effect in OCD
(Mataix-Cols et al. 2013) and other studies have also
inconsistently found marital concordance for various
psychiatric disorders (Merikangas et al. 1988; Maes
et al. 1998; Dierker et al. 1999). The current design did
not enable delineating possible marital interaction ef-
fects from assortative mating, or social homogamy.
Spouses/partners could potentially become more similar
the longer they cohabit. With time, lack of social ex-
posure may result in the originally unaffected spouse/
partner becoming more socially anxious and eventually
seeking help and receiving a diagnosis. However, this
interpretation seems particularly far-fetched, given
that the origins of both SAD and AVPD can often be
traced back to childhood/adolescence and that onset
after age 25 years is very rare (Chavira & Stein, 2005).
Therefore, it is reasonable to assume that majority of
affected couples met and had children after the onset
of their disorder. Thus, it may be more plausible to
attribute the findings to assortative mating; individuals
with SAD or AVPD may seek partners with similar
characteristics and eventually have children with
them. This intriguing possibility and, particularly the
health and social consequences for their offspring,
should be studied further.

Strengths and limitations

One strength of the present study is the very large
population-based sample of SAD and AVPD cases
diagnosed in Sweden over more than a decade, all
their relatives, as well as carefully matched, randomly
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selected controls. This ensured minimal risk of selec-
tion, recall, and report biases for both SAD and control
families. Further, this is the first study to examine the
familial risk of SAD across relatives at varying genetic
and environmental distances from the probands and to
have sufficient power to examine the familial risk of
AVPD in relatives of SAD probands after the exclusion
of individuals endorsing both diagnoses.

Nevertheless, registers also have limitations. First,
individuals diagnosed with SAD in the National
Patient Register represent a fraction of all SAD cases
in the Swedish population. Many individuals with
SAD do not seek help and, thus, may never be diag-
nosed or treated (Stein & Stein, 2008). Furthermore,
the National Patient Register only includes patients
seen by specialist physicians; those diagnosed in pri-
mary care by general practitioners or other profes-
sionals (e.g. psychologists) are not included. Finally,
psychiatric outpatients were only included in the regis-
ter from 2001. Thus, the register may only include the
more severe and complex forms of SAD (in our cohort,
over 80% of patients had at least one lifetime psychi-
atric co-morbidity) and our results may not generalize
to milder forms of the disorder. Some of these limita-
tions may also apply to previous family studies con-
ducted in specialist centres. The impact of these
factors on the current estimates is unknown but the in-
complete coverage of SAD cases in the Register should
be constant across the families of probands and the
families of comparison subjects. It is theoretically poss-
ible that having a relative with SAD/AVPD increases
the chance of seeking help/receiving a diagnosis,
although our findings suggest small or negligible
shared environmental effects, which would argue
against this possibility. Reassuringly, the familial
risks and heritability estimates obtained in our study
are not dissimilar to those obtained in previous (tra-
ditional) family/twin studies.

A second limitation of our study is that the relevant
ICD-10 codes have not been formally validated in the
Swedish registers. However, the clinical diagnosis of
SAD is often straightforward and the exclusion of indi-
viduals with the most obvious deferential diagnoses
from our analyses did not affect the results. Third, longi-
tudinal registers are subject to ‘left truncation” or miss-
ing data before the date the register started (social
phobia was introduced as a separate disorder in
ICD-10, and ICD-10 was only included in Sweden in
1997). However, since we matched for birth year and
time at risk, such losses would be similar for both
case and control dyads and not affect family risks.
Fourth, despite the very large sample size, some of the
analyses relating to AVPD were underpowered to sep-
arate genetic from shared environmental effects. Fifth,
our study could not distinguish between potential
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subtypes of SAD, although we suspect that most cases
included in the register are of the ‘generalized’ type.
There is some evidence that, while the generalized sub-
type of SAD is strongly familial, performance-
related social anxiety may not be (Stein et al. 1998).
Non-shared environmental factors, such as being teased
at school may play a particularly important role in
performance-related social anxiety (Bogels et al. 2010).
Sixth, despite employing a very large population-based
sample of patients and relatives at various genetic and
environmental distances from the probands, we still
lacked statistical power to model the proportion of vari-
ance due to genetic and environmental factors, particu-
larly relating to the association between SAD and
AVPD. Finally, although we found strong evidence of
marital concordance we could not distinguish between
marital interaction, social homogamy and phenotypic
assortment effects. Assortative mating could potentially
bias the reported heritability estimates for SAD but it
does not lead to different interpretations of the familial
risks in this study.

Conclusions

With these caveats in mind, our results suggest that
SAD is a familial disorder and the observed pattern
of familiality is consistent with a likely genetic aeti-
ology. Non-shared environmental influences, rather
than those shared within families, are also probably
important. AVPD is probably aetiologically related to
SAD and may represent a severe variant of the same
condition. The finding of possible ‘assortative mating’
in SAD and AVPD is novel and its implications should
be explored further.
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