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Abstract

Background—The overlap between anxiety and major depressive disorder (MDD), the increased
risk for depression and anxiety in offspring of depressed parents, the sequence of onset with anxiety
preceding MDD, and anxiety as a predictor of depression are well established. The specificity of
anxiety disorders in these relationships is unclear. This study, using a longitudinal high-risk design,
examined whether anxiety disorders associated with the emotions fear and anxiety mediate the
association between parental and offspring depression.

Method—Two hundred and twenty-four second-generation and 155 third-generation descendants
at high and low risk for depression because of MDD in the first generation were interviewed over
20 years. Probit and Cox proportional hazard models were fitted with generation 2 (G2) or G3
depression as the outcome and parental MDD as the predictor. In G2 and G3, fear- (phobia or panic)
and anxiety-related [overanxious or generalized anxiety disorder (GAD)] disorders were examined
as potential mediators of increased risk for offspring depression, due to parental MDD.

Results—In G2, fear-related disorders met criteria for mediating the association between parental
MDD and offspring MDD whereas anxiety-related disorders did not. These results were consistent,
regardless of the analytic methods used. Further investigation of the mediating effect of fear-related
disorders by age of onset of offspring MDD suggests that the mediating effect occurs primarily in
adolescent onset MDD. The results for G3 appear to follow similar patterns.

Conclusions—These findings support the separation of anxiety disorders into at least two distinct
forms, particularly when examining their role in the etiology of depression.

Keywords
Anxiety; depression; fear; mediator; multi-generation

Introduction

There is considerable overlap between anxiety and major depressive disorder (MDD) (Brady
& Kendall, 1992); parental depression increases the risk for offspring anxiety and depression
(Downey & Coyne, 1990; Beardslee et al. 1998) and the onset of anxiety precedes the onset
of depression in community as well as clinic samples of children, adolescents and adults
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(Kovacs et al. 1989; Lewinsohn et al. 1995). Prior anxiety often predicts subsequent depression
(Breslau et al. 1995; Lewinsohn et al. 1995; Cole et al. 1998). The specificity of the anxiety
disorders in these relationships is unclear. In a review of twin and family studies examining
the co-morbidity of anxiety and depression, the results were consistent with anxiety and
depression having an overlapping genetic etiology or one disorder being an epiphenomenon
of the other (Middeldorp et al. 2005). Results from twin studies also suggest that generalized
anxiety disorder (GAD) and MDD may be different forms of the same disorder (Kendler et
al. 1992, 2007; Roy et al. 1995), genetic influences on depression after the age of 14 reflect
liability to prior overanxious and phobic symptoms (Silberg et al. 2001), and family history of
depression is associated with early onset anxiety, which is associated with a history of
depression (Kendler et al. 2002, 2006). Findings from studies of animals and humans support
the refinement of depressive phenotypes by taking into account the distinction between anxiety
disorders related to the emotions of fear and anxiety (i.e. fear-related disorders, defined as panic
or phobia, and anxiety-related disorders, defined as overanxious or GAD). This distinction may
help to clarify the nature of the relationship between depression and anxiety disorder and the
development of a familial form of depression (Hasler et al. 2004).

Anxiety as a predictor of depression

Numerous studies have shown an association between anxiety and depression. Few have
examined specific anxiety disorders or anxiety as a predictor of depression. The studies that
have examined the relationship in more detail have shown that anxiety is a mediator of the
increased risk for MDD in females as compared to males (Breslau et al. 1995; Parker & Hadzi-
Pavlovic, 2004), and that MDD co-morbid with anxiety disorders, as compared to either
disorder alone, is more persistent, resistant to treatment and, therefore, more impairing (Fava
et al. 1997; Merikangas et al. 2003). The presence of multiple anxiety disorders, impairment,
persistent avoidance and panic-like attacks are the features of anxiety associated with an
elevated risk for a subsequent onset of depression (Wittchen et al. 2000). Only three studies
have examined specific anxiety disorders. Parker & Hadzi-Pavlovic (2004) found some
specificity linking early adolescent onset depression with GAD and panic disorder. Pine et
al. (1998 (2001) showed that phobic fear of the dark and overanxious disorder (OAD) were
both associated with an equivalent increased risk for subsequent MDD. Neither study took into
account familial risk for depression or anxiety. Biederman et al. (2007) determined separation
anxiety to be predictive of subsequent onset of depression independent of parental diagnosis.

Unanswered questions

Although a link between the familial nature of anxiety disorders and depression has been
established, several questions remain unanswered. Specifically, does separating anxiety
disorders into those that are thought to be associated with differential but interconnected
circuitry in the brain provide useful information regarding the etiology of a familial form of
depression preceded by anxiety? Research with animals supports the separation of emotions
relevant to anxiety disorders into fear and anxiety, but the validity of this distinction is less
clear with humans. Studies in humans have suggested a greater number of emotions than just
fear and anxiety potentially associated with anxiety disorders (Gray & McNaughton, 2003).
Furthermore, the pathophysiology of anxiety disorders in humans is not well understood. There
is disagreement on the primary neural circuits involved, the role of various structures such as
the amygdala and hippocampus in each, and how best to explore the circuitry (LeDoux,
2002; Gray & McNaughton, 2003).

There are at least two theories regarding the underlying neural circuitry of anxiety disorders.
LeDoux and others have argued for the primacy of the fear network, composed of systems
(cognitive-language, motor-behavioral and psychophysiological) interacting through a neural
network, with a greater role played by the amygdala as compared to the hippocampus in
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response to threat (LeDoux, 1996, 2002; Roth, 2005). Gray & McNaughton (2003), while
acknowledging the role of the amygdala in the etiology of specific phobias, have developed a
theoretical model that focuses on the septo-hippocampal system as the primary system in the
etiology of anxiety disorders.

Much of the published literature on this topic appears to support LeDoux’s theory of a dominant
role for the amygdala in a subset of anxiety disorders defined as ‘fear-related disorders’ (Neiho.
& Kuhar, 1983; Bechara et al. 1995; Breiter et al. 1996; Onoe et al. 1996; Walker & Davis,
1997; File, 2000; Funayama et al. 2001; Phelps et al. 2001; Grillon, 2002). Cued fear-
conditioning experiments have led to a greater understanding of the acquisition of fear in
humans and animals and are relevant to understanding phobic disorders due to the presence of
an identifiable cue; however, phobic disorders are heterogeneous. The hypersensitivity of the
fear network and the amygdala has also been implicated in the etiology of panic disorder
(Gorman et al. 2000; Gray & McNaughton, 2003; Herdade et al. 2006). By contrast, the bed
nucleus of the stria terminalis (BNST) or hippocampus appears to play a dominant role in the
development of the subset of anxiety disorders defined as “‘anxiety-related disorders’ (Phillips
& LeDoux, 1992; Bechara et al. 1995; Davis, 1998; Grillon, 2002).

It has been suggested that hypersensitivity of the fear network may be a factor in risk for
depression as well as anxiety (Gorman et al. 2000). Depression has been shown to be associated
with increased amygdala and decreased hippocampal volumes (Frodl et al. 20023, b). Increased
amygdala volumes seem to be more prevalent in recent or first onset as compared to recurrent
MDD and are thought to be related to increased blood flow and not predisposing structural
abnormalities (Frodl et al. 20023, b, 2003). Furthermore, at least one study has suggested that
the amygdala—hippocampal ratio in MDD is associated with the severity of co-morbid anxiety
(MacMillan et al. 2003). Increased amygdala and decreased hippocampal volumes may be
more pronounced in familial than in non-familial patients with MDD (Rosenberg et al.
2006). These findings suggest that hypersensitivity of the fear network leading to increased
activity in the amygdala may play a role in the onset of some subtypes of MDD.

Hypotheses to be tested

Method

Sample

It is within this context that we examined the hypothesis that fear- or anxiety-related disorders
examined separately mediate the association between parental and offspring MDD. To our
knowledge, this hypothesis has not yet been examined.

The following sub-hypotheses were tested: (a) the pathway including anxiety- or fear-related
disorders will explain a greater proportion of the association between parent and child
depression than all other pathways; and (b) the association will vary by the child’s
developmental phase and gender. Because of the increased risk for depression and anxiety in
females as compared to males, as well as evidence that anxiety disorders partially mediate the
increase in risk due to gender, we hypothesized that the association between fear and/or anxiety
and depression would be stronger for females than males. As the familial nature of depression
has been shown to vary as a function of developmental phase (Wickramaratne & Weissman,
1998; Jaffee et al. 2002), we conducted an exploratory analysis to determine whether the role
of fear- and/or anxiety-related disorders in the prediction of depression varies as a function of
whether the onset occurs in childhood, adolescence or adulthood.

The study design was retrospective cohort, longitudinal and multi-generational. The
hypotheses were tested in a sample followed over 20 years. This study has completed four
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waves of assessments between 1982 and 2002. The sample now includes three generations
[grandparents (G1), parents (G2) and grandchildren (G3)] and consists of families at high or
low risk for depression based on the depression status of the original sample (G1).

The G1 sample derives from the Yale Family Study of Depression (Weissman et al. 1984). Of
the eligible families (n=105) with children aged between 6 and 23 years, 87.5% agreed to
participate and those who refused were divided equally between depressed and non-depressed
families. One or more of the parents from the depressed families had received treatment for
depression. The non-depressed families derived from a community study in New Haven,
Connecticut (Weissman & Myers, 1978) and reported no history of treatment or psychiatric
illness. The depressed and non-depressed parents were white and group matched by age and
Sex.

The G2 sample included all those G2 who were interviewed at either wave 1 or wave 2 and
followed up at either wave 3 or wave 4. Two hundred and sixty-three G2 were interviewed at
wave 1 or wave 2. One had a mental disability and two died, leaving a potential sample of 260
to be re-interviewed at wave 3 and/or wave 4. Two hundred and twenty-four (86%) were re-
interviewed. There were no significant differences between the 224 who were interviewed and
the 36 who were not interviewed by G1 diagnosis of MDD, G2 MDD, anxiety, sex or age at
wave 2.

The sample for G3 included all G3 directly interviewed at either wave 3 or wave 4 who are
biologically related to G1 (n=155). There were no significant differences in the response rate
of the grandchildren by sex or by depression status of their grandparent.

Assessment at waves 1, 2, 3and 4

Assessment instruments—The Kiddie-Schedule for Affective Disorders and
Schizophrenia (K-SADS) Epidemiologic or Present Lifetime (Kaufman et al. 1997; Orvaschel,
2006) and child versions of the Schedule for Affective Disorders and Schizophrenia Lifetime
version (SADS-LA) (Endicott & Spitzer, 1978; Mannuzza et al. 1986) were used for all
subjects aged <18 years. The SADS-LA was used for all subjects aged >18 years. Detailed
clinical narratives were prepared by the interviewers to document the context and basis for
diagnosis.

Interviewers—Ph.D.- and Masters-level experienced mental health professionals conducted
interviews in-person or over the telephone. Interviewers were blind to the diagnostic
assessments from prior waves and the diagnostic assessment of subjects’ parents. For additional
details on the sample, assessments, training, inter-rater reliability and monitoring for quality
control, see Weissman et al. (1987, 1992, 1997, 2005).

Best Estimate (BE) diaghoses

All available diagnostic information on G1, G2 and G3 was reviewed blindly as to initial
diagnostic assessments and the diagnostic assessment of their parents and/or offspring by a
psychiatrist or psychologist who made Best Estimate (BE) diagnoses (Leckman et al. 1982).
Each case was reviewed independently by a second BE. If there was disagreement, a consensus
diagnosis was made. At wave 4, 178 adult and child cases were randomly selected and best
estimated by a trained psychologist and psychiatrist. Inter-rater reliability measured by the k
statistic was any mood disorder 0.83; MDD 0.82; dysthymia 0.89; any anxiety disorder 0.65;
any phobic disorder 0.62; agoraphobia 0.52; social phobia 0.38; specific phobia 0.65; panic
disorder 0.76; GAD/OAD 0.79; alcohol abuse/dependency 0.94; and drug abuse/dependency
1.00.
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Depression—G1 MDD was defined according to Research Diagnostic Criteria modified to
require 4 weeks’ duration and impairment. Lifetime DSM-IVV MDD was used as the outcome
for G2. For the G3 analyses, to approximate the depression criteria used in G1, impairment, as
defined by a Global Assessment Scale score of <70, was used as a criterion for depression for
G2 (Weissman et al. 2005). The age at earliest episode of depression was considered to be the
age at onset for depression. For G3, any DSM-1V mood disorder that met either probable or
definite criteria was used as the outcome. G3 mood disorder was used because they were too
young to have passed through the peak age of risk for MDD, and childhood (not adult)
dysthymia could be prodromal MDD (Kovacs et al. 1994). Mood disorder includes MDD,
dysthymia, and depressive disorder not otherwise specified. Childhood onset depression was
defined prior to age 13, adolescent onset between the ages of 13 and 18, and adult onset 19
years of age or older.

Offspring anxiety — G2 and G3—Two groups of lifetime anxiety disorders were created:
(a) fear-related disorders, which included agoraphobia, social phobia, simple phobia, or panic
disorder; and (b) anxiety-related disorders, which included OAD or GAD. All other anxiety
disorders were treated as potential confounders.

Potential confounders

The factors below are potential confounders of the association between the intermediate
variable and the outcome as well as confounders of the association between the exposure and
the outcome.

Parental diagnoses — G1—~Parental diagnoses of panic disorder, GAD, agoraphobia,
simple phobia, social phobia, obsessive compulsive disorder (OCD), dysthymia and alcohol
or drug abuse/dependence were examined as potential confounders.

Offspring diagnoses — G2 and G3—Offspring diagnoses of conduct disorder,
oppositional defiant disorder, attention deficit disorder (ADD), alcohol and/or drug abuse/
dependence, co-morbid anxiety disorders, and dysthymia (G2 only) were examined as
confounders.

Statistical analysis

The definition of a mediator and conditions for mediation to exist follow the criteria laid out
by Baron & Kenny (1986) and operationalized by Rothman & Greenland (1998). For the
condition of mediation to exist, parental MDD must be associated in G2 or G3 with fear- and/
or anxiety-related disorders and depression; fear- and/or anxiety-related disorders must be
associated with depression; the effect of parental MDD in the presence of fear- and/or anxiety-
related disorders must be less than in the absence of fear- and/or anxiety-related disorders; and
the effect of offspring fear- and/or anxiety-related disorders on depression must remain with
parental MDD in the model (Baron & Kenny, 1986). In addition, the onset of parental MDD
must precede onset of anxiety and onset of fear- and/or anxiety-related disorders must precede
the onset of depression.

Analyses were conducted as follows. For G2, initially prior fear- and/or anxiety-related
disorders were used to predict MDD regardless of age of onset and subsequently to predict
childhood, adolescent and adult onset MDD. For G3, initially we examined the association of
fear- and anxiety-related disorders with mood disorder regardless of age of onset and
subsequently to predict childhood and adolescent onset mood disorder.

We used both proportional hazards and path analyses because these analyses complement each
other. In the proportional hazards analysis, the outcome is a dichotomous variable defined as
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whether or not the individual has the disorder. No other assumption is made about the
distribution of the disorder. The limitations of using the proportional hazards model to test our
specific hypotheses were that no formal tests of mediation are available. With path analysis,
formal methods for testing for mediation are well established, but the underlying assumption
that the outcome is a latent variable, that is liability to depression that is normally distributed,
is untestable. If the results using each of the methods were consistent, it would give us more
confidence in our conclusions.

Cox proportional hazards models were used instead of logistic regression to adjust for
differential length of follow-up (Cox, 1972). For G2 and G3, fear- and anxiety-related disorders
were treated as time-dependent covariates. The start of follow-up is time of birth. Correlated
outcomes within family were adjusted for using the approach of Lin & Wei (1989). The effect
of parental MDD on offspring depression in the presence as compared to absence of fear- or
anxiety-related disorders was considered to be less if there was a 10% or greater reduction in
the f associated with parental MDD (Rothman & Greenland, 1998). To assess variation of
mediation effects by age of onset, first three separate Cox proportional hazard models (Cox,
1972; Cox & Oakes, 1984) were fitted, where the incidence of disorder in offspring in
childhood, adolescence and adulthood were considered to be the outcomes. For G2 only, to
formally test whether the effect of fear- and anxiety-related disorders on the association
between parental and offspring depression statistically significantly varies by developmental
phase, a single model was fitted with three dummy variables, one for each developmental phase
using extended proportional hazards models (Kleinbaum, 1996). The fit of models with and
without dummy variables was examined by comparing the log likelihoods. This will show
whether the association of these disorders with depression varies by developmental phase.

The approach outlined above did not allow us to formally estimate the proportion of the
association between parental depression and offspring depression mediated by fear- or anxiety-
related disorders. To address this issue, path analysis was used, where the model assumes that
fear- and anxiety-related disorders are represented by underlying continuous variables rather
than assuming they are dichotomous variables. When the outcome exceeds a threshold, the
individual is classified as having the disorder. This underlying variable may be interpreted as
the liability to the disorder. The probability of exceeding the threshold is based on the
assumption that the underlying variables are normally distributed. This model is referred to as
a probit model. These models can be viewed as estimating the correlations between the
underlying liabilities for fear- and anxiety-related disorders and depression. Model fitting for
the path analysis was undertaken using MPLUS version 4.1, which allows categorical outcomes
(Muthen & Muthen, 1998-2004). The fit function was weighted least squares. To address the
issue that the distribution of parameters derived from the path analysis could deviate from a
normal distribution, standard errors and confidence intervals were calculated using the bias-
corrected bootstrap method (Shrout & Bolger, 2002). The coefficients are considered to be
nonsignificant if the confidence interval includes zero. In addition, the models were run
constraining the parameters to be equal to test whether the assumption that the models for males
and females were the same was a good fit. Path analyses were only conducted for subgroups
where the association between parental MDD and the outcome was significant.

Confounders—Cox proportional hazards and probit models were fitted with each potential
confounder, entered one at a time and simultaneously to determine whether they explained the
association. It was necessary to control for potential confounders of the association between

the intermediate variable and the outcome as well as confounders of the association between
the exposure and the outcome (Cole & Hernan, 2002).
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Results

Sample characteristics of offspring

In G2, gender and age did not differ by G1 depression status. Sixty per cent of G2 were females
and the mean age at last interview was 35.8 years (S.D.=6.7). For G3, gender did not differ by
the G1 depression status. Fifty-four per cent were female. The median age was 11 years and
the age range was 5-20 years. However, G3 from the low- as compared to the high-risk group
were significantly younger at last interview (mean age of 10.7 v. 13.1 years respectively).

Is G1 MDD associated with G2 MDD and fear- and anxiety-related disorders?

G1 MDD was significantly associated with G2 MDD at all ages of onset and G2 fear-related
disorders. There wasatrend for GIMDDto be associated with an increase in risk for G2 anxiety-
related disorders (Table 1). Not shown here, G2 fear-related disorders included agoraphobia
(11%), social phobia (19%), specific phobia (53%) and panic disorder (42%).

Are G1 MDD and G2 MDD associated with G3 mood disorder and fear- and anxiety-related
disorders?

Among families with G1 MDD, (a) there was a significant association of G2 MDD with G3
mood disorder and fear-related disorders; and (b) there was no significant association between
G2 MDD and anxiety-related disorders (Table 1). Not shown here, G3 fear-related disorders
included agoraphobia (3%), social phobia (26%), specific phobia (71%) and panic disorder
(16%).

Do G2 fear- or anxiety-related disorders increase the risk for G2 childhood, adolescent and
adult MDD?

G2 fear-related disorders were associated with a 2-3-fold increase in risk for childhood,
adolescent and adult MDD. Anxiety-related disorders were significantly associated with any
MDD, and adolescent onset MDD. There was a trend for an association between anxiety-related
disorders and adult onset MDD (Table 2).

Do G3 fear- and anxiety-related disorders increase the risk for G3 mood disorder?

G3 fear-related disorders were significantly associated with any mood disorder and adolescent
onset mood disorder (Table 2).

Is the effect of parental MDD on offspring depression less in the presence of fear- and
anxiety-related disorders?

For G2, fear-related disorders were examined as mediators of the association between parent
and child, adolescent and adult onset MDD. G2 anxiety-related disorders were examined as
mediators of the association between parental and adolescent and adult onset MDD.

There was only a 10% or greater reduction in the /5 for parental MDD when fear-related
disorders were entered into the proportional hazards model where any MDD or adolescent
onset MDD was the outcome. In both models, fear-related disorders remained significant.
There was a 0—2% decrease in the $ for the association of G1 MDD with any MDD, adolescent
and adult onset MDD, when anxiety-related disorders were entered into the model with G1
MDD (Table 3).

For G3, parental MDD was not significantly associated with anxiety-related disorders.

Therefore, anxiety-related disorders were not examined as possible mediators of the association
between parent and offspring mood disorder. G3 fear-related disorders were examined as
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mediators of the association between parental MDD and G3 any mood disorder and adolescent
onset mood disorder.

In families with G1 MDD, there was a 10%or greater reduction in the 4 for parental MDD
when fear-related disorders were added to the proportional hazards model where any mood
disorder or adolescent onset mood disorder was the outcome (Table 3).

There was a trend for the model with, as compared to without, the dummy variables for fear-
related disorders to be a better fit (y2=4.77, df=2, 0.05<p<0.1).

Path analysis results for G2 and G3

The pathway including fear-related disorders is referred to as the indirect pathway and the
pathways that do not include fear-related disorders are labeled as alternate pathways. Figure 1
presents the mediational model tested. Anxiety-related disorders were only considered as a
mediator in the model where any MDD was the outcome due to the small number of cases of
the disorder. For G3, the model was restricted to the sample with G1 MDD.

Generation 2

Any MDD - fear-related disorders: The indirect pathway was significant. Seventy-four per
cent of the impact of parental MDD on the risk for MDD was through alternate pathways and
26% was through fear-related disorders. Not shown here, the patterns for males and females
were not statistically significantly different (y2=1.07, df=3, p=0.78).

Any MDD - anxiety-related disorders: The indirect pathway was not significant. Ninety-
one per cent of the impact of parental MDD on the risk for MDD was through alternate
pathways and 9% was through anxiety-related disorders (Table 4).

Childhood onset MDD: The indirect pathway was not significant. Eighty per cent of the
impact of parental MDD on risk for childhood MDD was through alternate pathways and 20%
through the indirect pathway. Not shown here, the indirect pathway was only statistically
significant for males. The patterns for males and females are statistically significantly different
(x>=13.40, df=6, p=0.04) (Table 4).

Adolescent onset MDD: The indirect pathway was significant. Only 13% of the impact of
parental MDD on adolescent MDD was through alternate pathways and 87% through the
indirect pathway. Not shown here, parental MDD was not significantly associated with
adolescent onset MDD for males, so path analyses were not conducted. For females, only the
indirect pathway was significant (Table 4).

Adult onset MDD: The indirect pathway was not significant. Eighty-six per cent of the impact
of parental MDD on risk for adult MDD was through alternate pathways and 14% was through
the indirect pathway. Not shown here, the pattern for males and females are statistically
significantly different (y?=18.65, df=7, p=0.009) (Table 4).

Generation 3

Anxiety-related disorders: Path analyses were not conducted with anxiety-related disorders
because parental MDD was not associated with G3 anxiety-related disorders.

Any mood disorder: The indirect pathway was significant. The percentage impact of parental
MDD on risk for any mood disorder was slightly greater for the indirect as compared to alternate
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pathways (Table 4). The patterns for males and females were not statistically significantly
different (2=6.38, df=5, p=0.27).

Childhood onset mood disorder: Parental MDD was not significantly associated with
childhood onset mood disorder; therefore, path analyses were not conducted.

Adolescent onset mood disorder: The indirect pathway was not significant. The percentage
impact of parental MDD on risk for adolescent mood disorder was greater for the indirect as
compared to alternate pathways. Small sample size did not allow the models to be run separately
for males and females (Table 4).

Model fit—In all models with fear-related disorders, the addition of the indirect pathway
significantly improved the overall fit of the model (p<0.05).

G2 compared to G3: We constrained the outcome for G2 and G3 to be child or adolescent
onset dysthymia or MDD in order to more directly compare the two generations (not shown
here). For G2 and G3, the path coefficients for the indirect pathway were nearly identical (0.34
v. 0.30 respectively). Alternate pathways played a slightly greater role in predicting dysthymia
or MDD for G3 as compared to G2 (0.46 v. 0.38 respectively).

Are the associations explained by confounders?

Confounders for G2—Neither G1 substance use or anxiety disorders in either parent nor
G2 co-morbid anxiety, substance use, dysthymic or disruptive disorders explained any of the
associations. Furthermore, G1 anxiety-related disorders increased the path coefficient
associated with fear-related disorders while decreasing the coefficient associated with the
alternate pathway.

Confounders for G3—Neither G2 substance use or anxiety disorders in either parent nor
G3 co-morbid anxiety, substance use or disruptive disorders explained the relevant
associations. Inclusion of G2 or G3 in the path models increased path coefficients associated
with fear-related disorders, while decreasing the significance of the alternate pathway. For
adolescent onset mood disorders, G2 childhood fear-related disorders partially explained
associations between both G2 MDD and G3 childhood fear-related disorders, and that of G3
fear-related disorders and G3 adolescent onset MDD. By contrast, G3 anxiety-related disorders
decreased the coefficient for alternate pathways.

Discussion

We sought to determine whether refining depressive phenotypes by differentiating between
fear- and anxiety-related disorders clarifies the understanding of the development of, or
pathways to, a specific type of depression transmitted across three generations. The refinement
suggests that fear- and not anxiety-related disorders across multiple generations play a crucial
role in the pathway to familial depression. If fear-related disorders have a stronger association
with disturbances in brain circuitry dominated by the amygdala rather than the hippocampus
or the BNST, then our results support a greater role for the amygdala and associated neural
circuitry in the etiology of a type of familial MDD with an onset after childhood (Walker &
Davis, 1997; LeDoux, 2002). Furthermore, risk for depression due to fear-related disorders
appears to be specific to parental depression and is not due to co-morbid parental disorders.
The risk for depression due to fear-related disorders in families with parental MDD is greater
in the absence of parental anxiety-related disorders. While not an a priori hypothesis, parental
anxiety-related disorders and parental substance use appear to be involved in pathways that do
not involve fear-related disorders. When we divided the parents with MDD in our sample by
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whether they had co-morbid panic disorder or MDD alone, the rates of fear-related disorders
in the two groups were equivalent (41%). This suggests that fear-related disorders in our sample
are not associated exclusively with parental panic disorder and potentially represent a type of
depression associated with hypersensitivity of the fear network. These findings also support
the separation of anxiety disorders into at least two distinct forms, particularly when examining
their role in the etiology of familial depression.

Consistent with other studies, we found that GAD and OAD predict a subsequent onset of
depression (Pine et al. 1998; Parker & Hadzi-Pavlovic, 2004). These findings could indicate
that certain types of depression are indistinguishable from GAD, which would be consistent
with findings from some twin studies (Kendler et al. 1992, 2007; Roy et al. 1995). However,
our findings are unique because they suggest that although the risk for major depression may
be similar for these categories of anxiety disorder, only fear-related disorders appear to mediate
the association between parental and offspring depression. These findings are consistent with
those studies that have shown that increased stress sensitivity increases the risk for anxiety and
depression (Heim & Nemeroff, 2001; Caspi et al. 2003). Fear-related disorders due to the
presence of an identifiable object, such as an environmental event, could be hypothesized to
be the anxiety disorders associated with increased stress sensitivity. The moderation of this
association by the serotonin genotype suggests that this type of depression may be genetic and
therefore familial. The effect of environmental stress and the effects of the serotonin genotypes
are, however, beyond the scope of the present study.

The rate of anxiety-related disorders in this sample is lower than that reported in most
community-based studies of children and adolescents (Cohen et al. 1993; Shaffer et al. 1996;
Costello et al. 2003). In a 5-year follow-up study of children aged on average 10 years, at high
and low risk for panic disorder and MDD, the lifetime rates of GAD were 27% for offspring
with parents with panic and MDD and 11% for offspring of parents with MDD without panic
(Biederman et al. 2006). The rates in our sample of anxiety-related disorders are closest to
those among the offspring of parents with MDD without panic (i.e. 12.5%). Rates were lower
in G3 because they have not passed through the peak age of risk for GAD. The GAD rates may
have been higher and the onset earlier in the Biederman et al. (2006) sample because of high
loading in the parents for anxiety disorders.

Finally, our findings shed light on the variation in risk for familial depression across
developmental periods. Childhood depression has been shown to have risk factors that are
distinct from those for depression with onset after childhood (Wickramaratne & Weissman,
1998; Jaffee et al. 2002). Childhood depression appears be associated with fear- and anxiety-
related disorders; however, neither explain the association of parental MDD with childhood
depression. In contrast to childhood onset depression, vulnerability to adolescent onset
depression due to parental MDD is at least partially explained by fear-related disorders.
Clinically, these findings suggest that treating children of depressed parents with phobic
disorders may prevent a subsequent onset of depression. The findings also support the
distinction between fear- and anxiety-related disorders.

The generalizability of these findings is limited to samples generated from families with
grandparents who had moderate to severe depression and had received treatment. The
reliability and rates of the specific disorders included in fear-related disorders should be taken
into account when interpreting the results. We had limited power to detect potential
interactions, particularly for G3. It was not possible, given the design of the study, to determine
what contribution genes make to the association between anxiety and depression. The results
regarding anxiety-related disorders and gender differences should be interpreted with caution
because of the low overall rates of anxiety-related disorders. Childhood disorders were not
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assessed in G1; therefore, it was not possible to examine the role of G1 childhood onset fear-
and anxiety-related disorders in the association between offspring anxiety and depression.
Furthermore, fear-related disorders are not a direct measure of disturbances in the fear network.
These limitations are being addressed in the ongoing work in this sample, which includes
examining fear- and context-potentiated startle response, neuroimaging and genotype data.
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Family history - Offspring diagnoses Offspring
Parental MDD ——p- Offspring fear-related disorders* —» depression

Alternate pathways

Fig. 1.
Pathways from parental to offspring major depressive disorder (MDD). * Denotes indirect
pathway; denotes direct and all other indirect pathways.
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Table 2

Risk for depression due to fear- and anxiety-related disorders (G2 and G3)

HR (95% CI)2

Generation 2 (G2)
G2 MDD

Fear-related disorders? 29 (1.9—4.4)****
Anxiety-related disorders® 2.6 (1.2-5.6)""

G2 Childhood onset (<13 years of age) MDD
Fear-related disorders? 2.7 (1.1-6.9)""
Anxiety-related disorders® 18(0.33-9.8)

G2 Adolescent onset (13-18 years of age) MDD
Fear-related disordersP 3.0 (1.7—5.5)****
Anxiety-related disorders® 34 (1.0—11.8)**

G2 Adult onset (19+ years of age) MDD
Fear-related disorders® 2.0 (0.97—4.3)*
Anxiety-related disorders® 2.4 (1.1—5.2)**

Generation 3 (G3)

G3 Any mood disorder
Fear-related disordersP 33 (1.5—7.7)***
Anxiety-related disorders® 3.7(0.49-28.5)

G3 Childhood onset (<13 years of age) mood disorder
Fear-related disorders? 25(083-7.4)
Anxiety-related disorders® 5.9 (0.69-52.0)

G3 Adolescent onset (13-18 years of age) mood disorder
Fear-related disorders? 4.7 (1.3—16.2)**

Anxiety-related disorders® 0.0(0.0-0.0)

MDD, Major depressive disorder; HR, hazard ratio; Cl, confidence interval.
aAdjusted for age and correlation within family.

bPanic/social or simple phobia.

COveranxious/generalized anxiety disorder.

*
p<0.1,

*:

*
p<0.05,

Fk

=3
p<0.01,

Fkkk

p<0.001.
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Table 3

Risk for offspring depression due to parental MDD in the absence and presence of offspring fear- and anxiety-
related disorders (G2 and G3)

Adjusted for age and fear-related disorders® % decrease in g for G1/

Adjusted for age? HR (95% CI) G2 MDD
Generation 2 (G2)
G2 MDD
G1 MDD 2.9 (1.7-5.2)"***
Adjusted for G2
Fear-related disorders®? 25 (1.4—4.4)*** 18
Anxiety-related disorders¢ 2.9 (1.6—5.1)**** 0
G2 MDD with onset <13
G1MDD 5.2 (1.4-19.0
Adjusted for G2
Fear-related disorders? 45 (1.1—17.6)** 6
G2 MDD with onset 13-18
G1 MDD 2.4 (1.3-45)""*
Adjusted for G2
Fear-related disorders? 18(0.89-3.7) 31
Anxiety-related disorders¢ 2.3 (1.2—4.6)** 0
G2 MDD with onset 19+
G1 MDD 2.7 (1.2-6.0)"
Adjusted for G2
Fear-related disorders® 25 (1.1—5.6)** 9
Anxiety-related disorders¢ 2.6 (1.2—5.9)** 2
Generation 3 (G3) (in families where G1 had MDD)
Any G3 mood disorder
G2 MDD 2.5 (1.2-5.0)""
Adjusted for G3
Fear-related disorders? 19(0.82-4.6) 28
G3 mood disorder onset 13-18
G2 MDD 4.8(0.96-24.1)"
Adjusted for G3
Fear-related disordersP 25(0.28-22.6) 43

MDD, Major depressive disorder; HR, hazard ratio; Cl, confidence interval.

aAdjusted for correlation within family.

bPanic/agoraphobia, social or specific phobia.

c . . . .
Overanxious/generalized anxiety disorder.

*
p<0.1,
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Fk

p<0.05,

FokKk

p<0.01,

Fkkk

p<0.001.
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Table 4

Alternate and indirect effects of parental MDD on liability to depression in generations 2 and 3

Parental MDD

Type of effect Effect BC bootstrap (95% CI)2 %

Generation 2

All MDD - fear-related disorders

Alternate 0.67  (0.24-1.1) 74
Indirect 0.23 (0_05_055)* 26
Mediator — fear-related disorders 030 (0.02-0.50)"

All MDD - anxiety-related disorders
Alternate 086  (0.41-1.3)" 91
Indirect 0.09 (-0.07t00.32) 9

Mediator — anxiety-related disorders ~ 0.20  (-0.19 to 0.55)
G2 Fear-related disorders by developmental phase

Childhood MDD

Alternate 0.64  (0.003-1.3) 80
Indirect 0.16 (-0.11t00.48) 20
Mediator — fear-related disorders 0.19  (-0.17 to 0.46)

Adolescent MDD

Alternate 0.07 (-0.45100.68) 13
Indirect 046 (0.17-0.91)" 87
Mediator — fear-related disorders 049 (0.19-0.69)"

Adult MDD
Alternate 066  (0.18-1.2)" 86
Indirect 0.11  (-0.09 to 0.43) 14
Mediator — fear-related disorders 0.17 (-0.15t0 0.49)

Generation 3

All mood disorders

Alternate 0.29  (-0.47100.99) 42
Indirect 040 (0.005-0.90)" 58
Mediator — fear-related disorders 0.44  (-0.07t0 0.71)

Adolescent onset mood disorder
Alternate 0.45 (-0.64t01.6) 40
Indirect 072 (0.13-1.6)" 60
Mediator — fear-related disorders 062 (0.02-0.88)"

MDD, Major depressive disorder; BC, bias corrected; Cl, confidence interval.

*
Intervals not including zero significant at p<0.05.

Psychol Med. Author manuscript; available in PMC 2010 July 14.



