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Evidence that genes for depression impact on the
pathway from trauma to psychotic-like symptoms by
occasioning emotional dysregulation
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Background. Genes for depression may act by making individuals more sensitive to childhood trauma. Given that
childhood adversity is a risk factor for adult psychosis and symptoms of depression and psychosis tend to cluster
within individuals and families, the aim was to examine whether the association between childhood adversity and
psychotic-like symptoms is moderated by genetic liability for depression. A secondary aim was to determine to what
degree a depression-related increase in stress sensitivity or depressive symptoms themselves occasioned the
moderating effect.

Method. Female twins (n=>508) completed both prospective and retrospective questionnaires regarding childhood
adversity [the Symptom Checklist-90 — Revised (SCL-90-R) and SCID-I (psychotic symptoms)] and psychotic trait
liability [the Community Assessment of Psychic Experiences (CAPE)]. Stress sensitivity was indexed by appraisals of
event-related stress and negative affect (NA) in the flow of daily life, assessed with momentary assessment
technology for five consecutive days. Multilevel regression analyses were used to examine moderation of childhood
adversity by genetic liability for depression in the prediction of follow-up psychotic experiences.

Results. The effect of childhood adversity was significantly moderated by genetic vulnerability for depression in
the model of both follow-up psychotic experiences (SCL-90-R) and follow-up psychotic trait liability (CAPE). The
moderation by genetic liability was mediated by depressive experience but not by stress sensitivity.

Conclusions. Genetic liability for depression may potentiate the pathway from childhood adversity to psychotic-like
symptoms through dysfunctional emotional processing of anomalous experiences associated with childhood trauma.
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Introduction methodologically robust studies, including several
prospective studies (Spauwen et al. 2006 ; Deloore et al.
2007; Schreier et al. 2009; Elklit & Shevlin, 2010;
Arseneault et al. 2011; Mackie et al. 2011), have
all demonstrated associations between childhood
trauma and psychotic symptoms/psychotic disorder
(Whitfield et al. 2005; Lataster et al. 2006; Scott et al.
2007; Shevlin et al. 2007, 2008; Kelleher et al. 2008;
Fisher et al. 2009; Freeman & Fowler, 2009). The

pattern of shared environmental risk indexed by

Current evidence suggests that childhood adversity
is associated not only with depression (Heim &
Nemeroff, 2001; Chapman et al. 2004; Wiersma et al.
2009) but also with psychotic outcomes. Although re-
views on the association between childhood trauma
and psychosis are not consistent (Read et al. 2005;
Bendall ef al. 2008; Larkin & Read, 2008), numerous

childhood trauma is of major interest because de-
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same individuals (Shergill et al. 1999; Hanssen et al.
2003; van Rossum et al. 2011; Varghese et al. 2011) and
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Hypothesis 1: The interaction between depression genes and childhood adversity results in an
increased stress sensitivity that is the common causal basis for both depression and psychosis
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Hypothesis 2: The interaction between depression genes and childhood adversity results in

emotional dysregulation, which causes psychosis
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Fig. 1. Model of the hypothesized moderating influence of the genetic disposition for depression on the relationship between
childhood trauma and the development of psychosis. Stress sensitivity and experience of depression are hypothesized to

represent underlying mechanisms.

also in the same families (Argyropoulos et al. 2008;
Mortensen et al. 2010), suggesting shared genetic
liability.

There is strong evidence that genetic risk for de-
pression is expressed in part as sensitivity to child-
hood trauma (Kendler & Prescott, 2006; Wichers et al.
2009b; Lardinois et al. 2011). Given that major de-
pression and psychotic disorder share genetic risk, it is
attractive to hypothesize that (i) genetic liability for
depression moderates the effect of an environmental
risk factor, such as childhood adversity, on the devel-
opment of psychotic outcomes and (ii) moderation is
occasioned by affective mechanisms (Fig. 1). Daily life
stress sensitivity has been identified as an inter-
mediate phenotype for both psychosis and depression;
that is, it is associated with genetic risk for these dis-
orders (Gottesman & Gould, 2003; Myin-Germeys &
van Os, 2007; Wichers ef al. 2007 ; Lataster et al. 2009).
In addition, childhood adversity, alone and in inter-
action with genetic liability for depression, has been
shown to increase adult daily life stress sensitivity
(Glaser et al. 2006; Wichers et al. 2009 b). Stress sensi-
tivity has also been shown to predict follow-up
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depressive and psychotic symptoms (Wichers et al.
2007; Lataster et al. 2009). Therefore, genetic liability
for depression may act on risk for both psychosis and
depression by increasing daily life stress sensitivity
(Fig. 1, hypothesis 1). However, another possibility is
that genetic risk on the pathway to vulnerability is
shared until the emergence of depressive symptoms
themselves (Fig. 1, hypothesis 2), which may impact
on the subsequent emergence of psychosis (Garety
et al. 2001; Freeman, 2007). Depressive symptoma-
tology may induce misassignment of emotional sal-
ience, which can give rise to the onset of psychotic
symptoms (van Rossum et al. 2011).

In the current study we examined whether genetic
liability for depression moderates the effect of
childhood adversity on the development of follow-up
psychotic symptoms. We hypothesized that stress
sensitivity or experience of depressive symptoms may
represent potential mechanisms underlying this inter-
action (Fig. 1); that is, that the interaction between
genetic liability for depression and childhood ad-
versity is mediated by stress sensitivity or depressive
symptomatology. Analyses were conducted in a large
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general population twin sample, making it possible
to build interactive models with genetic liability for
depression as hypothesized. It has been shown that
psychotic experiences exist as a continuous distri-
bution of symptoms in the general population (van Os
et al. 1999b), ranging from subclinical psychotic ex-
periences to a psychotic disorder. The median preva-
lence of these psychotic experiences in the general
population is 5.3%, with a median incidence of 3.1%
(van Os et al. 2009). Subclinical psychosis may be more
sensitive to detect associations with risk factors
in general population studies. The advantage of a
general population design is that effects of illness
characteristics, such as medication or severe psycho-
pathology, on the variables under examination can be
avoided.

Method
Sample

The study sample consisted of 621 general population
female twins and their non-twin sisters (n=44), aged
18-61 years, from Flanders, Belgium. Given the evi-
dence for gender differences in the type of environ-
mental stressors that are associated with psychosis
(Myin-Germeys et al. 2004) and depression (Kendler
et al. 2001), a female-only sample was chosen to
improve homogeneity. The intended age range was
young to middle adulthood (mean age at baseline 27.9
years, s.0.=7.9). The sample was relatively highly
educated (63 % college or university degree, 36 % sec-
ondary education, and 1% primary education only).
The twins (218 pairs) were recruited from the East
Flanders Prospective Twin Survey (EFPTS) and from
birth registers of Flemish municipalities in Belgium.
The EFPTS population-based survey has prospectively
recorded all multiple births in the province of East
Flanders since 1964 (Loos et al. 1998; Derom et al.
2006). Zygosity was determined through sequential
analysis based on sex, fetal membranes, blood groups,
and DNA fingerprints. The project was approved by
the local ethics committee and all participants gave
written informed consent.

Procedure

The sample was assessed at five time points, including
a baseline (T0) and four follow-up measurements
(T1-T4). The average number of days between T0O and
T1 was 132, 91 between T1 and T2, 116 between T2 and
T3, and 91 between T3 and T4. The first interview was
at individuals” homes, and follow-up data were col-
lected using questionnaires and telephone interviews.
All interviews were performed by trained research
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psychologists or graduate psychological assistants.
The Experience Sampling Method (ESM) was only
carried out at TO.

Measurements
Childhood adversity

Childhood adversity was measured at baseline (T0)
using the shortened version of the 70-item Childhood
Trauma Questionnaire (CTQ; Bernstein et al. 1994,
1997; Arntz & Wessel, 1996). The shortened version
(Bernstein et al. 2003) comprises 25 items that assess
five dimensions of childhood maltreatment: (1)
physical abuse, (2) emotional abuse, (3) sexual abuse,
(4) physical neglect, and (5) emotional neglect. At the
request of the Flemish Twin Register, the four most
explicit items concerning sexual and physical abuse
were omitted, resulting in a 21-item self-report ques-
tionnaire (e.g. ‘I was maltreated’, ‘I was beaten often’,
‘I was abused’, ‘There was not enough food’ and
‘I was neglected’). Items were scored on a scale from 1
(never true) to 5 (very often true). Cronbach’s a for this
21-item questionnaire was 0.93.

Depressive symptoms

The Structured Clinical Interview for DSM-IV Axis I
disorders (SCID-I; First et al. 1998) was administered
by trained psychologists to obtain current and lifetime
diagnoses of major depressive disorder of both pro-
band and co-twin. The SCID was administered twice,
at baseline (T0) and at follow-up period 4 (T4).

A continuous measure of depressive symptoms was
obtained using the Symptom Checklist-90 — Revised
(SCL-90-R; Derogatis, 1977; Arrindel & Ettema, 1986),
which is a widely used 90-item self-report question-
naire measuring general psychological distress. The
depression subscale consists of 13 items. The SCL-90-R
was administered five times, including baseline (T0)
and all four follow-up periods (T1-T4).

Psychotic symptoms

Psychotic symptoms were measured in three ways.
First, SCID psychotic symptoms were assessed with
SCID-I (First et al. 1998). The sum score of the sub-
scales delusions (consisting of 15 items) and halluci-
nations (consisting of eight items) was used to rate
SCID psychotic symptoms. The SCID was adminis-
tered twice, at TO and at T4 follow-up.

Second, psychotic symptoms were assessed with the
SCL-90-R (Derogatis, 1977; Arrindel & Ettema, 1986).
The mean score of the subscales paranoid ideation
(consisting of six items) and psychoticism (consisting
of 10 items) was used to rate SCL-90-R psychotic
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symptoms. The SCL-90-R was administered five times,
that is at all TO-T4 measurement occasions.

Third, the measurement of psychotic trait liability
consisted of the Community Assessment of Psychic
Experiences (CAPE; Stefanis et al. 2002; Hanssen et al.
2003 ; Konings et al. 2006), which is based on the Peters
et al. Delusions Inventory (PDI; Peters et al. 1999),
modified to also include hallucinatory experiences.
The CAPE is a 42-item self-report questionnaire to
assess lifetime psychotic experiences. It measures
positive (20 items), negative (14 items) and depressive
(eight items) dimensions of the subclinical psychosis
phenotype in the general population. A new variable
was created consisting of the mean score of the posi-
tive symptom dimension of the CAPE. The CAPE was
administered three times, at TO and at T2 and T4.

Stress sensitivity

Stress sensitivity was measured in daily life as ap-
praisals of minor daily events and their effect on
negative affect (NA), collected within the ESM frame-
work. ESM is a momentary assessment technique to
assess subjects in their daily living environment and
has been extensively validated for the use of immedi-
ate effects of stressors on mood (Csikszentmihalyi &
Larson, 1987; de Vries, 1992 ; Delespaul, 1995; Wichers
et al. 2007; Myin-Germeys et al. 2009; Simons et al.
2009; Palmier-Claus et al. 2011). Subjects received a
digital wristwatch and a set of ESM self-assessment
forms collected in a booklet for each day. The wrist-
watch was programmed to emit a signal (beep) at an
unpredictable moment in each of ten 90-min time
blocks between 0730 and 2230 h, on five consecutive
days. Compliance with the ESM protocol was evalu-
ated in a random subsample (58 subjects; 1938
observations) of the sample used in the current study
and was very high (96.4 %) (Jacobs et al. 2005).
Measures of daily life stress and NA were collected
at each beep within the ESM framework. To measure
ESM event-related stress, subjects were asked to report
the most important event that happened between
the current and the previous beep. This event was
subsequently rated on a seven-point bipolar scale
(from —3=very unpleasant, 0=neutral, to 3=very
pleasant). The scale was reversed so that higher scores
represent higher disliking of the event (event stress).
NA was assessed at each beep with six mood ad-
jectives (“insecure’, ‘lonely’, “anxious’, ‘low’, ‘ guilty’
and “suspicious’) rated on a seven-point Likert scale.
NA was calculated by averaging the NA items
weighted for the rotated factor loadings of these items
obtained in principal component analysis (Cronbach’s
a=0.76). Stress sensitivity was defined as NA reac-
tivity towards small daily life stressors in the flow of
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an individual’s daily life. To create the variable stress
sensitivity, the weighted mean NA was regressed on
ESM event-related stress.

Statistical analysis

First, the effect of childhood adversity on the devel-
opment of psychotic symptoms over the follow-up
period was examined. Second, a new variable was
constructed that represented the individual’s genetic
vulnerability to depression. This variable was coded 0
in the case of no genetic vulnerability (a twin sister
without a lifetime depression diagnosis), 1 for having
a dizygotic (DZ) sister with a lifetime depression
diagnosis and 2 for a monozygotic (MZ) sister with a
lifetime depression diagnosis (Kendler et al. 1995;
Wichers et al. 2009b). The higher an individual loads
on this factor, the greater the genetic liability for major
depression. To examine whether the effect of child-
hood adversity on follow-up psychotic outcomes was
moderated by genetic vulnerability to depression,
a multilevel linear regression model was used to
account for clustering of multiple measurements of
psychosis (level 1) within subjects (level 2) and clus-
tering of subjects within twin pairs (level 3). Follow-up
psychotic outcomes, adjusted for their baseline values,
were modeled at three separate levels of (i) psychotic
experiences, indexed by the SCL-90-R at T1-T4,
(ii) SCID psychotic symptoms, indexed by the SCID at
T4, and (iii) trait liability indexed by the CAPE posi-
tive symptom dimension at T2 and T4. Effect sizes on
psychotic outcomes at different levels of genetic liab-
ility and childhood adversity were calculated from the
model containing the interaction, forming the appro-
priate linear combinations with the STATA LINCOM
routine (StataCorp, 2009). Main effects and inter-
actions were assessed by Wald tests (Clayton & Hill,
1993).

Finally, in the case of significant interaction, we
examined whether stress sensitivity or depressive
symptoms mediated the interaction effects on follow-
up psychotic outcomes. For this purpose, the inter-
action model was additionally controlled for stress
sensitivity or mean depressive symptoms on either the
SCL-90-R or the CAPE respectively. Furthermore,
follow-up psychotic outcomes were regressed on these
putative mediators to demonstrate that variations in
these variables significantly accounted for variations
in the outcome variables, thus meeting all mediator
conditions. Data were analysed with the xTrReG and
XTMIXED modules in Stata v. 11.0 (StataCorp, 2009).

All models of psychotic outcomes were adjusted
for their baseline value. By correcting for the base-
line psychosis value, measures of follow-up psy-
chotic outcomes thus indexed increase in psychotic
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symptomatology over the follow-up period. All vari-
ables included in the analyses were standardized (by
dividing the variables by their between-subject stan-
dard deviation), yielding standardized effect sizes (f).
This allows for a comparison of effect sizes across dif-
ferent measurements.

Results
Subjects’ characteristics

Of the total sample of 621 subjects, all 44 non-twin
sisters were excluded. One subject was excluded be-
cause of incorrect data on zygosity. Another 68 sub-
jects were excluded because of missing data on either
childhood adversity or co-twin lifetime depression
diagnosis. This resulted in a dataset of 508 subjects
(312 MZ and 196 DZ subjects), with a mean age of
27.1 years (s.0.=7.4, range 18-46). The majority of the
subjects were currently employed (59.0% employed,
38.3% students, 2.4% unemployed, and 04% on
sick leave). A small number of subjects used psycho-
tropic medication: 21 (4.1%) used antidepressants,
one (0.2 %) antipsychotics, four (0.8 %) anxiolytics, and
eight (1.6 %) hypnotics.

For all three psychosis variables, subjects were
included in the analyses if at least one of the follow-up
measurements was completed. Mean follow-up psy-
chotic experience score assessed by the SCL-90-R
ranged from 1 to 3.1 (median of 1.2), the sum score of
follow-up psychotic symptoms assessed by the SCID
ranged from 0 to 4 (median of 0), and mean follow-up
psychotic liability measured by the CAPE ranged from
1 to 1.9 (median of 1.1). Owing to partial missing data
on the follow-up measurements of psychotic experi-
ences, differences in group size exist, ranging from 409
subjects for SCID measurements to 476 for SCL-90-R
scores and 463 subjects for CAPE measurements. No
differences could be demonstrated between subjects
who dropped out after baseline compared to subjects
who did not for SCL-90-R, SCID or CAPE psychotic-
like symptoms.

The average childhood adversity score was 1.7
(s.0.=0.6). Sixty-one subjects (12.0%) had one or more
SCID psychotic symptoms at baseline. Twenty-three
subjects (4.5%) had a current depression at baseline.
Eighty-seven subjects (17.2%) had a lifetime de-
pression diagnosis. These prevalence rates are com-
parable to the 1-month prevalence of 3.4% and the
lifetime prevalence of 20.4% reported in another fe-
male general population (Bijl et al. 1998). Ninety pro-
bands (17.7 %) had a co-twin with a lifetime diagnosis
of depression. Eleven percent of the mothers of the
twins were diagnosed with depression, 0.6% with
bipolar disorder, and 0.2% with a psychotic disorder.
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With respect to the fathers of the twins, 5.8% were
diagnosed with depression, 0.8% with bipolar dis-
order, and 0% with a psychotic disorder. Inde-
pendence of the variables of the interaction term
(adversity and genetic liability for depression) was
demonstrated (£=0.05, p=0.68 for the DZ twins and
p=—0.04, p=0.75 for the MZ twins).

Association between childhood adversity and
follow-up psychotic outcomes

Childhood adversity was associated with the devel-
opment of follow-up SCL-90-R psychotic experiences
(8=0.16, p<0.001) and with follow-up CAPE psy-
chotic liability (8=0.13, p<0.001). A trend towards
significance was demonstrated between childhood
adversity and the development of follow-up SCID
psychotic symptoms (8 =0.09, p=0.08).

Moderation by genetic liability for depression

Genetic liability for depression significantly moder-
ated the effect of childhood adversity on follow-up
SCL-90-R psychotic experiences. High genetic risk was
associated with a greater effect of childhood adversity
on SCL-90-R psychotic experiences. MZ co-twin life-
time depression, compared to no co-twin depression
(the reference category), significantly increased the
effect of childhood adversity on follow-up SCL-90-R
psychotic experiences, whereas the effect of DZ co-
twin lifetime depression was not significantly different
compared to the effect of no co-twin depression
(Table 1 and Fig. 24). Similarly, the effect of childhood
adversity on follow-up CAPE trait liability was greater
for subjects with a high genetic risk for depression. MZ
co-twin lifetime depression, compared to no co-twin
depression, significantly increased the effect of child-
hood adversity on follow-up CAPE trait liability,
whereas the effect of DZ co-twin lifetime depression
was comparable to the effect of no co-twin depression
(Table 1 and Fig. 2b). The interaction effect on follow-
up SCID psychotic symptoms was not significant.

Stress sensitivity as a mediator of interaction

To examine whether stress sensitivity might represent
the mechanism underlying the significant interaction
effect between genetic liability for depression and
childhood adversity in the models of follow-up SCL-
90-R psychotic symptoms and follow-up CAPE trait
liability, analyses were carried out again controlling
for stress sensitivity. This did not result in a large or
significant reduction of the interaction effect between
genetic liability for depression and childhood ad-
versity in the model of SCL-90-R or CAPE psychotic
outcomes. If anything, controlling for stress sensitivity
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Table 1. Overview of the interaction models with  coefficient, x?, p value, and number of subjects and twin pairs for each separate
analysis on three different scales of psychotic-like symptoms (SCL-90-R, SCID and CAPE)

Interaction effects compared to the
effect of no co-twin depression

n (subjects/

(reference category) B 1 p value twin pairs)
SCL-90-R
Co-twin depression x trauma?® DZ Co-Dep —0.11 2.1 0.15 1769/248
MZ Co-Dep 0.45 23.7 0.00
Co-twin depression x trauma®” DZ Co-Dep —0.11 2.1 0.15 1665/239
MZ Co-Dep 0.47 23.1 0.00
Co-twin depression x trauma®*© DZ Co-Dep —0.12 47 0.03 1769/248
MZ Co-Dep 0.09 14 0.24
SCID
Co-twin depression x trauma?® DZ Co-Dep 0.15 14 0.24 409/219
MZ Co-Dep 0.27 2.3 0.13
CAPE
Co-twin depression x trauma?® DZ Co-Dep —0.13 2.0 0.16 784/243
MZ Co-Dep 0.30 6.0 0.01
Co-twin depression x trauma®® DZ Co-Dep —0.15 2.5 0.12 736/234
MZ Co-Dep 0.34 6.8 0.01
Co-twin depression x trauma®© DZ Co-Dep —0.07 0.7 0.41 784/243
MZ Co-Dep 0.12 1.1 0.30

SCL-90-R, Symptom Checklist-90 — Revised ; SCID, Structured Clinical Interview for DSM-IV Axis I disorders; CAPE,
Community Assessment of Psychic Experiences; MZ, monozygotic; DZ, dizygotic; Co-Dep, co-twin lifetime depression.

2 Analyses were corrected for current psychotic symptoms.

® Analyses that demonstrated a significant interaction effect were corrected for stress sensitivity.

¢ Analyses that demonstrated a significant interaction effect were corrected for mean depressive symptoms.

resulted in an increase in effect size (0.3% and 4.7 %
increase for SCL-90-R and CAPE respectively). Having
an MZ co-twin with lifetime depression, compared
to a co-twin without depression, still moderated the
effect of childhood adversity in the model of both
follow-up SCL-90-R psychotic experiences (Table 1
and Fig. 2a) and follow-up CAPE trait liability (Table 1
and Fig. 2b).

Depressive symptoms as a mediator of the
interaction

Similarly, to examine whether depressive experiences
might represent the mechanism underlying the sig-
nificant interaction effect between genetic liability for
depression and childhood adversity in the models of
follow-up SCL-90-R psychotic symptoms and follow-
up CAPE trait liability, analyses were carried out
again controlling for mean SCL-90-R or mean CAPE
depressive symptoms. This resulted in a loss of sig-
nificance of the interaction effect between genetic
liability for depression and childhood adversity on
both the follow-up SCL-90-R and follow-up CAPE
scores (a 73.6% and 64.9% decrease in effect size
respectively). Having an MZ co-twin with a lifetime
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depression, compared to a co-twin without de-
pression, no longer moderated the effect of childhood
adversity in the model of both follow-up SCL-90-R
psychotic experiences (Table 1 and Fig. 2a) and follow-
up CAPE trait liability (Table 1 and Fig. 2b). Sensitivity
analyses that excluded depressive items that overlap
with negative symptoms, such as vital symptoms and
anhedonia, yielded similar results. In addition, the
results showed that depressive symptoms preceded
the development of psychotic-like symptoms because
mean baseline depressive symptoms on either the
SCL-90-R or the CAPE predicted follow-up psychotic-
like symptoms (=023, p<0.001 and (=0.16,
p<0.001 respectively).

Discussion

In this study we aimed to investigate whether genetic
liability for depression acts as a moderator in the
association between childhood adversity and the de-
velopment of psychotic-like symptoms.

First, we demonstrated that, in general population
females, genetic liability for depression moderates the
association between childhood adversity and follow-
up psychotic-like symptoms. In females, a high genetic
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correction for possible underlying mechanisms, stratified
by level of genetic vulnerability to depression.

[, Interaction with childhood adversity ; [, interaction
corrected for stress sensitivity; M, interaction corrected for
emotional dysregulation.

risk for depression increased the effect of childhood
adversity on developing psychotic-like symptoma-
tology over the follow-up period. This finding was
replicated in two separate measures of psychotic-like
symptoms. The identification of genetic liability for
depression as a moderator of the effect of childhood
adversity on the development of follow-up psychotic-
like outcomes may suggest a partially shared genetic
pathway to both depression and psychosis in females
(Maier et al. 1993).

Second, two hypothesized mechanisms underlying
the interaction effect in the development of follow-up
psychotic-like symptoms were tested: stress sensi-
tivity and emotional dysregulation. The upper figure
in Fig. 1 depicts hypothesis 1, where increased stress
sensitivity resulting from childhood adversity x
genetic liability to depression is the hypothesized
shared pathway to psychotic-like symptoms. Although
stress sensitivity has been identified previously as
an underlying intermediate phenotype for both de-
pression and psychosis (Wichers et al. 2007; Lataster
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et al. 2009), the current results support the second
hypothesis in which increased risk for psychotic-like
symptoms emerges from the experience of depressive
symptoms rather than from increased stress sensitivity
(Fig. 1, hypothesis 2). This indicates that, in females,
the occurrence of depressive symptoms plays a role
in the development of psychotic-like symptoms. The
finding is in accordance with other studies that
showed that depressive symptoms precede the onset
of psychotic disorders (Hafner ef al. 2005, 2008; Owens
& Johnstone, 2006). Because stress sensitivity is a risk
factor for future depressive symptoms (Wichers et al.
2007, 20094, D), stress sensitivity is probably on the
pathway to psychosis indirectly via a path where
stress sensitivity increases the experience of depress-
ive symptoms, which in turn induce psychotic-like
symptoms. The fact that depressive symptoms may
mediate the onset of psychotic-like symptoms is of
relevance to the development of new effective inter-
ventions and prevention strategies to battle psychosis.
Furthermore, the partially shared etiology reported in
the current study [gene-environment interaction
(G xE) on risk for depressive symptoms] provides an
explanation for the observed co-occurrence of the two
symptom clusters in psychotic patients.

Emotional processes are involved in attributing
salience to experiences and are therefore undeniably
involved in the development of psychotic symptoms
(Verdoux et al. 1999; Birchwood, 2003; Allen et al.
2005; Hafner et al. 2005; Krabbendam & van Os, 2005;
Krabbendam ef al. 2005; van Os, 20094, b). According
to the cognitive model of psychosis of Garety et al.
(2001, 2007), stress triggers emotional and cognitive
changes that can, in a biopsychosocial vulnerable in-
dividual, result in appraisals of the origins of anom-
alous experiences as externally caused. Externalizing
appraisal, the judgment that the experience is exter-
nally caused, can lead to positive symptoms of
psychosis, for example delusions. Owing to biased
appraisals, emotional processes can also lead to mis-
assignment of emotional salience to experiences. This
mechanism has recently been proposed as an inter-
mediate (cognitive) mechanism that facilitates the
transition from emotional dysregulation to reality
distortion (van Rossum ef al. 2011). Another mechan-
ism leading to psychosis may be the tendency to
worry, which is associated with both the onset and the
persistence of hallucinations (Krabbendam & van Os,
2005). For example, the experience of auditory hallu-
cinations has been related to higher scores on meta-
cognitive beliefs concerning both positive beliefs about
worry and negative beliefs about uncontrollability and
danger (Baker & Morrison, 1998). Anomalous experi-
ences can lead, by means of delusional interpretation
of these experiences, to an increased tendency to


https://doi.org/10.1017/S0033291711001474

290 I. M. A. Kramer et al.

worry (Freeman & Garety, 1999; Morrison &
Baker, 2000) and a depressive response (Birchwood
& Chadwick, 1997; Morrison & Baker, 2000;
Krabbendam et al. 2005). Specific aspects of the delu-
sional interpretation have been related to emotional
distress and depression (Green et al. 2006). The results
also emphasize the likelihood of shared neurobio-
logical mechanisms involved in psychosis and de-
pression. Shared mechanisms may involve altered
hypothalamic—pituitary-adrenal (HPA) axis activation
(Corcoran et al. 2003; Phillips et al. 2006; Heim et al.
2008) and neurobiological sensitization mechanisms
(Collip et al. 2008; Wichers et al. 2009b). Prevention of
psychosis could take place not only at the stage of the
emergence of depressive symptoms but also at the
stage where certain individuals, following experience
of depressive symptoms, make the transition to psy-
chosis. Therefore, efforts should be put into elucidat-
ing the underlying mechanism of this transition and
understanding how emotional, cognitive and bio-
logical factors may act together in the transition from
depressive to psychotic symptoms.

Psychosis: a dimensional phenotype

No significant interaction effects on follow-up SCID
scores could be demonstrated, probably because of a
lack of power. Psychotic symptoms as measured using
the SCID are rare in the general population and were
experienced by only 38 subjects (9.3 %) in this sample
at the follow-up measurement. However, evidence has
accumulated that the phenotype of psychosis, like
other psychopathological phenotypes, is dimensional
in nature (van Os et al. 19994, 2000, 2009 ; Stefanis et al.
2002; Verdoux & van Os, 2002; Krabbendam et al.
2004; Allardyce ef al. 2007 ; Boks et al. 2007 ; Cougnard
et al. 2007 ; Héafner et al. 2008) and that the much more
frequent subclinical psychotic experiences share a
similar etiological background with the more severe
SCID psychotic symptoms (van Os et al. 19995, 2009;
Olfson et al. 2002; Stefanis et al. 2002). Therefore,
examining subclinical psychotic symptoms in the
general population is (i) informative with regard to the
clinical expression of these symptoms, (ii) has much
higher power than when examining clinical symptoms
or diagnosis of psychosis, and (iii) does not suffer
from confounding due to medication or other disease
status-associated factors, which is often the case
in clinical studies. The current results showed two
similar and significant interaction effects for the two
separate measures of subclinical psychotic symptoms
used in this study. The fact that the interaction
effect between genetic liability and early adversity
was replicated in another measure of psychotic-like
symptoms supports the results.
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Limitations

There were several methodological issues. Childhood
adversity was measured with a self-report question-
naire and retrospectively. The measure for childhood
adversity, the short version of the CTQ, was adapted
on request of the Flemish Twin Register. Although the
total average childhood adversity score may be some-
what lower because of the omission of the four
most explicit items, the interaction between childhood
adversity and genetic liability for depression was sig-
nificant. Omission of these items may have resulted in
reduced effect sizes of early adversity on psychosis.
Thus, the current results probably reflect a conserva-
tive estimation of the effects in the general population.
The low average childhood adversity score and its
limited variability may also indicate that the subjects
sample is a privileged and relatively healthy group.

Subjects were female with a high mean educational
level. Because of gender differences in risk factors for
different pathways to psychosis (Myin-Germeys &
van Os, 2007), the results of the study may not
be generalized to men and to those with a lower
educational level.

A limitation of ESM in the measurement of stress
sensitivity is that the effects between stress appraisals
and NA can go in either direction. However, either
explanation bears clinical relevance.
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