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he aim of this study was to investigate familial
influences and their dependence on sex for panic
disorder and/or agoraphobia, social phobia, generalized anxiety disorder and major depression. Data
from Australian (N = 2287) and Dutch (N = 1185)
twins and siblings who were selected for a linkage
study and participated in clinical interviews to obtain
lifetime Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; DSM-IV) diagnoses were used. In
a liability model, tetrachoric correlations were estimated in sibling pairs and sex differences between
sibling correlations were tested. For each diagnosis,
the sibling correlations could be constrained to be
equal across the Australian and Dutch samples. With
the exception of panic disorder and/or agoraphobia, all
sibling correlations were the same for brother, sister
and opposite-sex sibling pairs and were around .20.
For panic disorder and/or agoraphobia, the correlation
was .23 in brother and sister pairs, but absent in
opposite-sex sibling pairs. From these results it can
be concluded that upper heritability estimates, based
on twice the correlations in the sibling pairs, vary
between 36% (major depression) and 50% (social
phobia). Furthermore, different genetic risk factors
appear to contribute to the vulnerability for panic disorder and/or agoraphobia in men and women. No
other sex differences were found.

T

Anxiety disorders and major depression (MDD) are
common disorders. In epidemiological studies, lifetime prevalences in women are found to be around
30% for some kind of anxiety disorders and around
20% for MDD (Bijl et al., 1998; Kessler et al., 1994).
Although these prevalences are lower in men, they are
still high with figures ranging between 14% and 19%
for anxiety disorders and between 11% and 13% for
MDD (Bijl et al., 1998; Kessler et al., 1994). These
prevalences may be even higher as cross-sectional
surveys are biased by recall problems. When recall

bias is considered, the prevalence of lifetime MDD is
estimated at 30% in men and 40% in women
(Kruijshaar et al., 2005). These disorders constitute a
huge public health problem, mainly due to the
chronic and disabling course, but in the case of MDD,
also as a result of the increased risk for other major
diseases such as cardiac mortality (Musselman et al.,
1998; Penninx et al., 2001).
Consequently, the etiology of these disorders is an
important topic of research. Over the last 20 years,
several family and twin studies have been performed
to investigate the influence of familial factors on
anxiety and depression. In the description of the
results, we will focus on MDD, panic disorder and/or
agoraphobia, social phobia and generalized anxiety
disorder (GAD). Sullivan et al. (2000) and Hettema,
Neale, et al. (2001) discussed the results of family and
twin studies on lifetime diagnoses of MDD and
anxiety disorders respectively and performed a metaanalysis when possible. They included studies in
which the disorders were defined by operationalized
diagnostic criteria, such as the Diagnostic and
Statistical Manual of Mental Disorders (3rd ed.;
DSM-III; American Psychiatric Association, 1980),
DSM-III-R (3rd ed., rev.; American Psychiatric
Association, 1987) or DSM-IV (4th ed.; American
Psychiatric Association, 1994). The family studies
that compared the risk on MDD or anxiety disorders
between first-degree relatives of probands and controls showed a significant familial risk with summary
odds ratios for these disorders varying between 2.8
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and 6.1 (Hettema, Neale, et al., 2001; Sullivan et al.,
2000). However, data were collected in clinical samples
in most family studies which may have biased the
results. Twin studies are often population-based. A
meta-analysis of five twin studies performed in different
continents showed that familial resemblance in MDD
was entirely due to shared genes, with genetic factors
explaining 37% of the variance (Sullivan et al., 2000).
For the anxiety disorders, meta-analyses could only be
performed on panic disorder and GAD due to the
scarcity of twin studies on this issue (Hettema, Neale, et
al., 2001). Genetic factors appeared to explain 43% of
the variance in panic disorder and 32% in GAD
(Hettema, Neale, et al., 2001). These meta-analyses
were based on two large community-based twin
samples only, which are both from the United States
(Hettema, Neale, et al., 2001). The Virginia Twin
Registry originally consisted of female twins, but has
been extended with male twins and twins of oppositesex (Kendler & Prescott, 1999). The Vietnam Era Twin
Registry consists of male twins only (Scherrer et al.,
2000). In the Virginia Twin Registry, phobias were also
investigated. It was found that, overall, familial resemblance was due to shared genetic influences, which
explained 30% and 39% of the variance in women for
social phobia and agoraphobia respectively and 20%
and 37% of the variance in men (Kendler, Myers, et al.,
2001; Kendler et al., 1992).
Sex differences in the influence of familial factors
is an important issue when investigating specific risk
factors, for example, in linkage studies. In the absence
of sex differences, data from men and women can be
analyzed simultaneously, which increases statistical
power. The majority of the studies indicate that
genetic effects influence variation in MDD in men and
women to the same extent with most, but not all,
genetic influences shared in men and women (Kendler,
Gardner, Neale, et al., 2001; Sullivan et al., 2000). Sex
differences in the etiology of anxiety disorders have
been studied in the Virginia Twin Registry only. No
consistent differences in genetic architecture between
men and women were found in GAD, social phobia
and panic disorder (Hettema, Prescott, et al., 2001;
Hettema et al., 2005; Kendler, Gardner, & Prescott,
2001; Kendler et al., 2002; Kendler et al., 2003). In
agoraphobia, results indicated that the genes conveying the risk are probably not entirely the same
(Kendler et al., 2002).
This overview of the current literature shows that
knowledge about familial influences on anxiety disorders
and MDD and especially about sex differences in these
influences is limited. In this article, data on lifetime
panic disorder and/or agoraphobia, social phobia,
GAD and MDD, all defined according to DSM-IV
(American Psychiatric Association, 1994) criteria,
were analyzed in samples of male, female and opposite-sex dizygotic (DZ) twin and sibling pairs from the
Australian and Netherlands population-based Twin
Registers. The participants were selected for a linkage
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study on anxiety and depression, based on scores on
self-report measures. As these scores were available
for the total samples of twins and their siblings, a correction for ascertainment bias could be carried out
(Little & Rubin, 1987).

Material and Methods
Subjects

Data were collected in the Australian and Netherlands
Twin Registers as part of a project aiming to find the
genes underlying the susceptibility to anxiety and
depression. For a detailed description of the data collection, see Kirk et al. (2000), Boomsma et al. (2000),
and Middeldorp et al. (in press). In short, in 1998, the
most informative families for a linkage study on
anxiety and depression were selected. These were families with sibling pairs scoring extreme discordant
(low–high) or concordant (high–high and low–low) on
a quantitative scale that correlates with a diagnosis of
MDD or an anxiety disorder (Dolan & Boomsma,
1998; Eaves & Meyer, 1994; Risch & Zhang, 1995).
In Australia, the selection variable was a normalized
neuroticism score, adjusted for age and sex, obtained
in 1989. This score was available for 18,578 twins,
siblings and adult offspring of twins (Kirk et al.,
2000). In the Netherlands, the selection variable was a
genetic factor score expressing a subject’s genetic susceptibility to ‘anxious depression’. These factor scores
were calculated as a weighted sum of the scores on
four measures of neuroticism, anxiety and depression
assessed on three different occasions (1991, 1993 and
1997). The weights were derived from a multivariate
genetic analysis on these four scales and were different
for men and women. The calculation of the factor
scores is described in detail by Boomsma et al. (2000).
A factor score was available for 7836 Dutch twins and
siblings (Middeldorp et al., in press). In both Australia
and the Netherlands, extreme discordant and concordant scoring sibling pairs were asked to participate in
a diagnostic psychiatric interview. In addition, all
other twins and siblings in these families, regardless of
their value on the selection variable, were invited to
take part in the study.
In the Australian and Netherlands Twin Registers,
2918 and 1517 subjects respectively were approached
to participate in the interview. In Australia, 256 subjects declined to participate and 192 subjects could
not be contacted (Kirk et al., 2000). In the
Netherlands, 154 subjects refused and 107 subjects
could not be contacted (Middeldorp et al., in press).
Eventually, 2470 Australian and 1256 Dutch
individuals were interviewed. Thus, a participation
rate of around 90% was achieved in both samples.
Analyses were carried out on the data from DZ
twins, siblings and, in the Australian sample, adult
children of twins, who have a score on the selection
variable and at least one additional full sibling with a
score on the selection variable. Half siblings, twin
pairs with unknown zygosity, and subjects without
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additional siblings are excluded. Monozygotic (MZ)
twins were included if there was a sibling available
with a score on the selection variable. This resulted in
a total population for the analyses of 11,291
Australian and 5836 Dutch subjects with scores on the
selection variables of which 2287 Australian and 1185
Dutch subjects had participated in the interview.
Instruments

In Australia, neuroticism was measured using the
revised short form of the Revised Eysenck Personality
Questionnaire (EPQ-R) with a 12-item neuroticism
scale (Eysenck et al., 1985). In the Netherlands,
genetic-factor scores were calculated from the scores
on the neuroticism and somatic anxiety scales of the
Amsterdamse Biografische vragenslijst (Wilde, 1970),
the Spielberger State Trait Anxiety Inventory — Trait
version (STAI; Spielberger et al., 1970; Van der Ploeg
et al., 1979), the Beck Depression Inventory (BDI;
Beck et al., 1974) and the Young Adult Self-Report
(YASR; Achenbach, 1990; Verhulst et al., 1997). The
30-item neuroticism scale is similar in content to the
neuroticism scale of the Eysenck Personality
Questionnaire (Eysenck & Eysenck, 1964).
In both samples, all offspring of selected families
were asked to participate in a telephone interview,
during which the computerized version of the
Composite International Diagnostic Interview (CIDI;
World Health Organization, 1992) was administered
to obtain lifetime DSM-IV (American Psychiatric
Association, 1994) diagnoses of mood and anxiety
disorders. The CIDI is a fully standardized diagnostic
interview. No information on the reliability and validity of the Dutch version of the CIDI is available, but
good reliability and validity have been reported for the
English version (Andrews & Peters, 1998). All interviewers were trained by the Dutch and Australian
World Health Organization training centers. In order
to minimize observer bias, interviewers were unaware
of interviewees’ scores on the initial selection variables
throughout the study. According to the diagnostic
algorithm as obtained with the CIDI, subjects can be
classified in three categories: ‘not affected’, ‘affected’,
and ‘fulfilling the positive criteria, but not the exclusion criteria’. The latter category consists of subjects
with more than one anxiety disorder at the same time,
subjects who exhibit symptoms of GAD exclusively
during a depressive episode, and subjects who fulfill
the criteria for an anxiety disorder but did not seek
help for their symptoms. Subjects in this category were
classified as affected as well.
We analyzed diagnoses of MDD, GAD, social
phobia, panic disorder with or without agoraphobia
and agoraphobia without a history of panic disorder.
Subjects with one of the latter three diagnoses were
grouped together.
Statistical Methods

The CIDI was administered in a selected sample, so a
correction for ascertainment was applied by including

the selection variables in the analyses (Little & Rubin,
1987). This correction assumes that in the total
sample, missing values are only due to selection variables and random factors (Little & Rubin, 1987).
Therefore for all diagnoses, a bivariate analysis was
carried out including the scores of the selection variables of all participants and the information on the
diagnosis of the selected samples.
The saturated bivariate model thus included neuroticism in the Australian sample, the genetic factor
scores in the Dutch sample and one of the diagnoses
under study in both the Australian and Dutch sample;
that is, MDD, GAD, social phobia or panic disorder
and/or agoraphobia. The diagnoses are assessed on a
dichotomous scale. The selection variables were analyzed as ordinal data by dividing the scores in four
categories based on the 25th, 50th and 75th percentile. Thresholds for the selection variables and for
the diagnosis were estimated separately for the
Australian and Dutch sample and for men and
women. Polychoric (cross) correlations for the selection variables and the diagnosis were calculated for
DZ and sibling pairs of brothers, sisters and siblings
of opposite-sex. The correlations for the selection variables and the cross-correlations between the selection
variables and the diagnosis were estimated separately
in the Australian and Dutch samples. For each diagnosis we explicitly tested whether the Dutch and
Australian correlations between brothers, sisters and
opposite-sex siblings were similar.
Sex differences in familial influences on the diagnoses were analyzed in two ways. First, quantitative
differences between men and women were investigated
by testing whether the correlations were different in
same-sex male and female sibling pairs. Second, qualitative differences were investigated. If the same familial
factors are of importance in men and women, the correlation of opposite-sex sibling pairs should not differ
significantly from the product of the square roots of
correlations in men and women. This formula can be
derived from the tracing rules of path analysis (Neale &
Cardon, 1992). After analyzing sex differences, the significance of the sibling correlations for the diagnosis
was tested by fixing this correlation to zero. A significant correlation indicates that members of a sibling pair
are more alike than would be expected by chance.
Statistical analyses were performed on raw data
using the raw likelihood method implemented in the
software program Mx (Neale et al., 1999). To test
whether correlations were significantly different
between the groups of sibling pairs or from zero, the
likelihood of the model in which all parameters were
estimated was compared to the likelihood of the
model in which the parameters were constrained to be
equal across different groups or to zero. The difference between –2*loglikelihood of two models is
distributed asymptotically as χ 2 . The degrees of
freedom for these tests are equal to the difference in
parameters being estimated. Utilizing the principle of

Twin Research and Human Genetics December 2005

611

TRHG 8.6 text-final.x

14/11/05

3:32 PM

Page 612

Christel M. Middeldorp et al.

Table 1
Age and Frequencies of Lifetime MDD, Panic Disorder and/or Agoraphobia, Social Phobia and GAD in the Selected Australian and Dutch Samples
Australia

The Netherlands

Males (N = 885)

Females (N = 1402)

Males (N = 499)

Females (N = 686)

Age at interview (SD)

41.8 (10.4)

42.4 (11.3)

28.5 (10.8)*

28.6 (11.0)*

MDD (%)

191 (21.6)

374 (26.7)

46 (9.3)

137 (20.0)

Panic disorder and/or agoraphobia (%)

79 (8.9)

197 (14.1)

19 (3.8)

79 (11.5)

Social phobia (%)

85 (9.6)

142 (10.2)

12 (2.4)

38 (5.5)

GAD (%)

71 (8.0)

140 (10.0)

18 (3.6)

52 (7.6)

Note: *Mean age of the three waves of data collection (1991, 1993, 1997).

parsimony, the most restrictive model was accepted as
the best fitting model if the difference between a nested
and a more comprehensive model was not significant
(Neale & Cardon, 1992). Analyses were carried out on
all possible pairs (Hottenga et al., 2005).

Results
Table 1 shows the mean ages at the time of the interview and the frequencies of the diagnoses in men and
women in the Australian and Dutch samples. The
Australian subjects were significantly older than the
Dutch participants. This age difference probably
explains the higher frequencies of all diagnoses in the
Australian sample. However, the difference in frequencies could also be partly explained by coincidental
differences in the selection. In Australia, 43% of the
interviewed subjects had an extreme neuroticism
score, while in the Netherlands a smaller proportion
of the interviewed subjects, namely 32%, had an
extreme genetic factor score. Earlier analyses have
shown that subjects with high scores on neuroticism
(Australia) or on the questionnaires used to calculate
the genetic factor scores (the Netherlands) are more
likely to get a diagnosis (Kirk et al., 2000; Middeldorp
et al., in press). In both countries, all disorders were
more common in women than in men.
Differences between twins and siblings were also
investigated in both countries. Twins and siblings did

not differ regarding their scores on the selection variables. Nor was the percentage of subjects who got a
diagnosis different in twins and siblings. These results
indicate that in both the Australian and Dutch
samples the twin and sibling populations are equivalent to each other.
Table 2 shows for each diagnosis the differences in
–2*loglikelihood between the different models. For
each diagnosis, the correlations could be constrained
to be equal across the Australian and Dutch populations. Further analyses were therefore performed on
the combined samples. First, the correlations were
constrained to be equal across the male and female
same-sex sibling pairs. Second, the correlation
between the opposite-sex sibling pairs was constrained
to be equal to the product of the square roots of correlations in the same-sex pairs. Next, the correlations
were fixed to zero. This last test had to be performed
on one, two or three correlations, depending on the
outcome of the first two steps in the model-fitting procedure. Table 3 gives the estimates of the correlations
and confidence intervals in the full bivariate model as
well as in the best fitting model resulting from the
model-fitting procedure. For the sake of clarity, only
the results for the diagnoses are shown and the results
for the selection variables are left out of consideration.
For MDD, social phobia and GAD, the correlations in
the brothers, sisters and opposite-sex pairs could be
constrained to be equal and the final correlations were

Table 2
Tests of Equality of Correlations (r) between (1) Australia and the Netherlands, (2) Brother–Brother and Sister–Sister Pairs, (3) Same-Sex
and Opposite-Sex Pairs and (4) for the Overall Significance of the Correlations
1. r Aus = r NL (∆df = 3)

2. r M = r F (∆df = 1)

3. r OS = r SS (∆df = 1)

4. r = 0 (∆df = 1)a

MDD

2.60

.03

.61

24.32***

Panic disorder and/or agoraphobia

1.53

1.30

4.36*

10.04** / .92

Social phobia

3.00

.01

2.70

18.07***

GAD

2.41

.79

1.01

11.37***

Note: rM: correlations in male twin pairs, rF: correlations in female twin pairs, rOS: correlations in opposite sex pairs, rSS: correlations in same-sex pairs.
* p < .05, **p < .01, ***p < .001
a = For panic disorder and/or agoraphobia, the correlation between opposite-sex sibling pairs was not equal to the correlation in same-sex sibling pairs. Therefore, two
correlations were tested, i.e., the correlation in same-sex sibling pairs (left χ2: significant) and the correlation in the opposite-sex sibling pairs (right χ2: not significant).
The test-statistic is based on the difference in –2*loglikelihood between nested models and is distributed as χ2 with degrees of freedom (df) as shown.
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Table 3
Maximum-Likelihood Estimates of Tetrachoric Sibling Correlations (and 95% Confidence Intervals) Under the Full and the Best Fitting Model
Full model
(N pairs total/N pairs selected)

Brothers
(3134/497)

Sisters
(5913/1007)

Best fitting model
OS siblings
(8145/1403)

Brothers

Sisters

OS siblings

MDD

.22 (.04–.39)

.20 (.08–.31)

.15 (.05–.25)

.18 (.11–.25)

.18 (.11-.25)

Panic disorder and/or agoraphobia

.15 (–.14–.42)

.25 (.10–.39)

–.01 (–.18–.16)

.23 (.11–.36)

.23 (.11–.36)

0 (–.18–.16)

Social phobia

.33 (.04–.63)

.34 (.17–.49)

.15 (–.02–.31)

.25 (.14–.35)

.25 (.14–.35)

.25 (.14–.35)

GAD

.15 (–.14–.40)

.14 (–.06–.33)

.26 (.10-.41)

.20 (.09–.31)

.20 (.09–.31)

.20 (.09–.31)

significant with estimates around .20 (Table 2 and 3).
In panic disorder and/or agoraphobia, the correlation
between the opposite-sex pairs was significantly different from the correlation calculated in the same-sex
brother and sister pairs. The correlation in the brother
and sister pairs was estimated at .23, whereas the correlation between the opposite-sex pairs could be fixed
to zero.

Discussion
The resemblances found in these combined analyses of
Australian and Dutch twin and sibling data indicate
significant familial risk for the development of MDD,
panic disorder and/or agoraphobia, social phobia and
GAD. No sex differences were found in the familial
influences on MDD, social phobia and GAD. The
results for panic disorder and/or agoraphobia indicate
that familial factors contribute to a similar degree to
the variance in liability in men and women, but the
familial factors themselves are different between the
sexes. Because MZ twin pairs were not selected for
this study, it is, strictly speaking, not possible to
decide whether the familial resemblance is due to
genetic or common environmental factors and only
upper limits for heritability estimates, based on twice
the DZ/sibling pair correlations, can be given. These
upper heritability estimates vary between 36% (major
depression) and 50% (social phobia). However, earlier
research in these samples indicates that twin resemblance for self-report measures of neuroticism, anxiety
and depression is entirely explained by genetic factors
(Boomsma et al., 2000; Jardine et al., 1984; Martin et
al., 1988). This also accounts, in general, for twin
studies on DSM anxiety disorders and MDD
(Hettema, Neale, et al., 2001; Sullivan et al., 2000).
Therefore, we think that it is reasonable to assume
that our results also indicate genetic and not common
environmental influences on MDD, panic disorder
and/or agoraphobia, social phobia and GAD.
The upper heritability estimates are comparable to
earlier studies (Hettema, Neale, et al., 2001; Sullivan
et al., 2000). Regarding the sex differences, the results
were somewhat different from the results of the
Virginia Twin Registry. We did not find any sex-specific genetic influences for MDD in contrast to
Kendler, Gardner, Neale, et al. (2001), who found that

.18 (.11–.25)

50% of the genes that influence the vulnerability to
MDD might be different in men and women. By controlling for unreliability of measurement, their study
probably had more power to detect sex differences.
Furthermore, we found sex-specific genetic risk factors
for panic disorder and/or agoraphobia, whereas their
analyses of panic syndromes showed no sex differences (Kendler, Gardner, & Prescott, 2001). However,
their results for agoraphobia also suggested sex-specific genetic risk factors (Kendler et al., 2002). In the
current study, subjects with panic disorder and/or agoraphobia were considered to be one group, containing
over 50% of subjects with agoraphobia with or
without panic disorder. This may have caused the differential outcomes.
This is the first nonclinical twin-family study
outside the United States that investigates not only
familial risk in anxiety disorders as defined according
to the DSM-IV (American Psychiatric Association,
1994) but also the presence of sex differences in familial influences. The sample size is large due to the
combination of the Australian and Dutch twin-family
samples. Combining these samples was possible as the
way in which the twins and siblings were recruited
was similar. Moreover, differences between the correlations in the two samples were statistically tested and
appeared to be absent.
Still, one might argue that the samples were not
comparable as the Australian subjects were older than
the Dutch participants. As a consequence, more
Australian twins and siblings were diagnosed with one
or more disorders. However, a recent study found that
genetic and environmental determinants of anxiety and
depression hardly show any change with age, so this
age difference has probably not influenced our results
(Gillespie et al., 2004). Another limitation is that
test–retest data were not available for our samples,
which made it impossible to estimate the reliability of
the lifetime interviews. In studies in which unreliability
of measurement was taken into account, heritability
estimates were around 50% for phobias (Kendler et al.,
1999) and 66% for MDD (Foley et al., 1998). These
studies demonstrate that in our study the effect of
familial influences might be underestimated. Finally,
despite the large sample size, power to detect sex
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differences was relatively small as can be seen from the
relatively broad confidence intervals (Table 3).
To summarize, in these two large family studies
performed on different continents, MDD, panic
and/or agoraphobia, social phobia and GAD show
sibling correlations around .20, suggesting that genetic
factors explain approximately 40% of the variance.
Panic and/or agoraphobia might be influenced by different familial factors in men and women. No sex
differences were found for the other disorders.
Overall, these results are in accordance with earlier
studies. This means for future linkage and association
studies that analyses on panic disorder and/or agoraphobia should be carried out in men and women
separately. This does not appear to be necessary for
MDD, social phobia and GAD in which the results
suggest considerable overlap in genetic risk factors for
men and women.
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