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Impact of stress on paranoia: an experimental
investigation of moderators and mediators
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Background. Vulnerability—stress models ascribe stress a pivotal role in the development of psychosis. However,
moderating and mediating mechanisms translating stress into psychosis and the specificity of the association are not
clearly established. It is hypothesized that stress will trigger paranoid ideation in vulnerable individuals through an
increase in negative emotion.

Method. Using a repeated-measures design, 64 healthy participants with varying levels of vulnerability [psychosis
symptoms assessed by the Community Assessment of Psychic Experiences (CAPE)] were assigned to a stress and a
non-stress condition in random order. Stress was induced by exposing participants to building-site noise (75 dB)
applied concurrently with difficult knowledge questions. Symptoms of paranoia, depression and obsessive com-
pulsive disorder (OCD) were assessed by state-adapted versions of clinical scales.

Results. In the stress condition there was an increase in paranoia, depression and negative emotion. Multilevel linear
modeling (MLM) revealed the increase in paranoia under stress to be moderated by the level of vulnerability and
mediated by anxiety. Although participants generally showed an increase in anxiety under stress, anxiety was more
strongly related to paranoia in participants with higher baseline symptomatology.

Conclusions. The results support and specify the role of emotional reactions to stressors on the pathway from
vulnerability to psychosis and highlight the relevance of anxiety.
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Introduction This area of research has been criticized repeatedly
for methodological limitations (Norman & Malla,
1993b; Philipps et al. 2007). The major problem is
posed by the nature of retrospective designs, which
are unable to determine whether stressful events are
causal to psychosis. For instance, a male patient might
report that having been left by his wife triggered an
episode of psychosis, whereas in fact being left was
the consequence of early prodromes (e.g. social with-
drawal). In addition, it seems unlikely that singular
stressful events will have a strong impact on a com-
plex mental disorder as stressors probably work on a
more short-term basis. This notion finds support
in studies focusing on smaller everyday stressors
(Norman & Malla, 1991, 1993a; Walker & Diforio,
1997; Horan et al. 2005) and in those investigating the
association of psychosis and specific environmental
stressors, such as migration, isolation and discrimi-

Vulnerability-stress models emphasize the role of
stress in the emergence of psychosis (Zubin & Spring,
1977; Nuechterlein & Dawson, 1984; Nuechterlein
et al. 1994). The models differ in detail, but all assume
that people have varying levels of vulnerability and
the likelihood of psychotic symptoms to be a function
of the extent of vulnerability and stress that the indi-
vidual is encountering. Despite the high face validity,
evidence for the basic assumption that stress triggers
psychosis is not unequivocal. A frequent method to
assess the impact of environmental stressors has been
to investigate retrospectively the number of major life-
events in periods followed by an increase in symp-
toms (Brown & Birley, 1968; Birley & Brown, 1970).
Many, but not all, studies found life-events to be pre-
cipitants of acute schizophrenia (Philipps et al. 2007).

nation (Janssen et al. 2003; Cantor-Graae & Selton,
2005; Veling et al. 2007), urbanicity (Weiser et al. 2007),
or exposure to relatives with high-expressed emotion
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(Butzlaff & Hooley, 1998; Cutting et al. 2006). Philips
et al. (2007) have emphasized the necessity of more
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research in high-risk populations to improve the
understanding of the transition into psychosis. Only
a few studies have taken this approach and those
demonstrate exposure to stressors to be a risk factor
for high-risk individuals (e.g. Miller et al. 2001;
van Os et al. 2003; Mason et al. 2004). Also of interest,
high-risk individuals hold intermediate positions be-
tween patients and healthy controls in their neuro-
biological reactions to stress (Thompson et al. 2007;
Soliman et al. 2008). Finally, the mechanisms connect-
ing stress to psychotic symptoms have remained spe-
culative. Cognitive conceptualizations of psychosis
have theorized that one route to the development
of psychotic symptoms involves emotional changes
(Garety et al. 2001), proposing anxiety to be the most
relevant emotion with regard to paranoia (Freeman
et al. 2001).

Studies by Myin-Germeys and others using the
experience-sampling method (ESM; for an overview
see Myin-Germeys & van Os, 2007) to investigate
the association of daily hassles, affect and psychosis
overcome many of the methodological limitations
of previous studies. They could demonstrate that an
increase in stress is generally associated with an in-
crease in negative affect and that this association
is stronger for patients than for their relatives and
healthy controls (Myin-Germeys et al. 2001). They also
found a clear association between the occurrence
of minor stressors and the intensity of psychotic ex-
periences in patients and their first-degree relatives
(Myin-Germeys et al. 2005). They conclude that in-
creased emotional reactivity to stress is a vulnerability
marker for psychosis and speculate that it might rep-
resent the underlying mechanisms for the episodic,
positive symptom subtype of psychosis in particular
(Myin-Germeys & van Os, 2007). Despite the many
advantages of the ESM, the interpretation of causal
direction between stress and symptoms remains dif-
ficult because of the complex interactions between
individual behavior and environment in everyday
life.

Taken together, the research provides basic evi-
dence for a connection between stress and psychosis
but is somewhat less conclusive with regard to causal
directions and moderating and mediating mechan-
isms. The present study investigated the impact of
stress on paranoia using a randomized experimental
design in healthy individuals with varying levels of
vulnerability to psychosis. A more readily interpre-
table single symptom approach was chosen, in-
vestigating paranoia rather than psychosis symptoms
in general because delusions of persecution and
reference are the most frequent symptoms in psy-
chosis (Sartorius et al. 1986; Andreasen & Flaum,
1991), and their continuity in the population is well
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Fig. 1. Graphical depiction of the hypotheses.

studied (Freeman et al. 2005; Freeman, 2006). As
demonstrated graphically in Fig. 1, we hypothesized
that stress would be positively related to symptoms of
paranoia (Fig. 1a); that this relationship would be
moderated by the extent of vulnerability (Fig. 1b) and
mediated by an increase in anxiety (Fig. 1c), which
would also be moderated by the extent of the vulner-
ability (Fig. 1d). Finally, to estimate the psychosis
specificity of the associations, we compared the impact
stress exerts on psychosis symptoms with the impact it
has on symptoms of frequent co-morbid disorders,
obsessive compulsive disorder (OCD) and depression.

Method
Participants and procedure

The sample consisted of 64 undergraduate students of
psychology, educational sciences or social sciences.
The mean age of the sample was 21.7 years (s.0.=2.8,
range 18-31 years) and 81 % of the participants were
female. Participants were not paid but were able to
complete curriculum requirements by participating.

Questionnaires

Community Assessment of Psychic Experiences
(CAPE; Stefanis et al. 2002)

The CAPE is a 42-item self-report instrument devel-
oped to rate lifetime psychotic experiences in the
affective and non-affective domains. Previous studies
have demonstrated good convergent and discrimi-
native validity (Hanssen ef al. 2003) and test-retest re-
liability (Konings et al. 2006). The German version of
the CAPE has been found to have good to excellent
internal consistency (Cronbach’s a=0.94 for the total
scale and 0.84, 0.89 and 0.91 for the positive, negative
and depression subscales respectively) and validity
in discriminating patients with schizophrenia from
healthy and clinical controls (Moritz & Laroi, 2008).
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To assess state symptoms of paranoia, depression
and OCD, we created a state symptom scale based on
three existing symptom measures:

(1) Paranoia Checklist (PCL; Freeman et al. 2005). The
PCL is a 18-item self-report scale developed
to measure paranoid ideation. It includes items
assessing ideas of persecution (e.g. ‘I need to be
on my guard against others’) and reference
(e.g. ‘There might be negative comments being
circulated about me’) and has excellent internal
consistency (Cronbach’s a >0.90) and good con-
vergent validity. For the German version, items
were translated into German and back into English
by a bilingual English native speaker. Cronbach’s
a for the German version was 0.86. There was
convergent validity of the PCL with the CAPE
(r=0.63, p<0.001) and the subscale Paranoid
Ideation (r=0.56, p<0.001) of the Symptom
Checklist-90-R (SCL-90-R) by Derogatis (1983).
Allgemeine Depressions Skala [General Depression
Scale] (ADS; Hautzinger & Brihler, 1993). The ADS
is a 20-item German-language self-report scale
that is frequently used in clinical and non-clinical
samples to assess depressive symptoms. The ADS
has good internal consistency and is highly corre-
lated with other measures of depression such as
the Beck Depression Inventory.
Obsessive-Compulsive Inventory — Revised (OCI-R;
Foa et al. 2002). The OCI-R is a psychometrically
sound 18-item self-report measure of obsessive
features on six dimensions (e.g. washing, check-
ing, ordering, hoarding, obsessioning and neu-
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tralizing) that is also used in non-clinical groups
(e.g. Simonds et al. 2000). The German version
(Gonner et al. 2007) has replicated the good psycho-
metric results of the original OCI-R in a large
sample of patients with OCD.

The item contents of these scales were left unchanged,
but participants were asked to rate the extent to
which the items applied ‘at the moment” on a five-
point Likert scale ranging from 1 (not at all) to
5 (very strongly). To obscure the fact that the study
focused on paranoia and to prevent memory effects
for previous endorsements across the two conditions,
the items of the scales were randomly ordered across
time-points.

Self-report of emotions

Participants were requested to complete an 11-point
intensity rating on six unipolar items (0=not appli-
cable, 10=completely applicable), labeled with four
descriptive adjectives, and five bipolar items, labeled
with four descriptive adjectives at each end of the
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11-point scale dimension. The items were selected to
capture (a) expected arousal and valence such as tense
versus relaxed (labels: nervous, restless, tense, wound
up versus calm, relaxed, placid, at ease) and positive
versus negative (labels: positive, pleasant versus nega-
tive, unpleasant), (b) emotions such as fear (labels:
frightened, timid, afraid, scared), anger (labels: angry,
annoyed, mad, sore) and shame (labels: embarrassed,
ridiculed, ashamed, foolish), sadness (labels: sad,
depressed, miserable, dejected), happiness (labels:
happy, gay, cheerful, delighted), (c) cognitive states
such as alert versus confused (labels: alert, attentive,
receptive, lucid versus confused, baffled perplexed),
and (d) motivational states such as interested versus
bored (labels: curious, interested, motivated versus
bored, indifferent, dull). The items have been vali-
dated (Stemmler et al. 2001).

Design

The experiment was conducted as a randomized
repeated-measures design. At the beginning, partici-
pants were informed that the study was being con-
ducted to test the impact of noise on mood and
information processing and completed the CAPE.
They were then randomized to a stress or a non-stress
condition in which they completed cognitive tasks as
well as the mood and symptom ratings. The assess-
ments lasted for 1.5h. In the stress condition stress
was induced by loud building-site noise from a com-
puter (75dB, weblink: www.grsites.com) that con-
tinued during the complete assessment as well as by
difficult knowledge questions. In the non-stress con-
dition there was no noise and the knowledge ques-
tions were replaced by a picture puzzle. To rule out
any administration biases, the experimenters followed
a clear protocol. To induce some ambiguity that would
allow for paranoid interpretations, this protocol also
involved ambiguous behavior, such as writing some-
thing down that the participant could not see, ex-
changing glances or whispering briefly with a second
experimenter. After assessments, participants com-
pleted a form with questions on study conductance
and atmosphere. Experimenters were blind to diag-
nostic status.

After a time interval of 4-6 days the assessments
were repeated with the same participants but applying
the other experimental condition. Thus, each partici-
pant was assessed once in the stress condition and
once in the non-stress condition but the sequence of
conditions was randomized. Parallel versions of the
clinical questionnaires and the script of the exper-
imenter behavior were used, which were randomized
to the conditions.
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Strategy of data analysis

We tested for the main effect of stress on paranoia, the
moderating effect of subclinical symptomatology and
the mediating effects of negative emotion (see Fig. 1).
A mediation effect occurs when (1) the independent
variable (IV) significantly affects the mediator, (2) the
IV significantly affects the dependent variable (DV) in
the absence of the mediator, (3) the mediator has a
significant effect on the DV, and (4) the effect of the IV
on the DV shrinks upon the addition of the mediator to
the model (Muller et al. 2005). Moderated mediation
occurs if the mediating process that is responsible for
producing the effect of the condition on the outcome
depends on the level of a moderator (Muller et al.
2005).

The hypotheses were tested in a series of steps,
using multilevel linear modeling (MLM) and post-hoc
analyses of slopes and mediation. MLM was im-
plemented through SPSS Mixed Models version 15
(SPSS Inc., Chicago, IL, USA) and conducted accord-
ing to established guidelines (Hox, 2002; Tabachnick
& Fidell, 2007). In contrast to analysis of variance, a
regression approach generally has the advantage that
continuous data need not be split into categories,
which would result in loss of information. MLM also
has the advantage that it analyzes experiments with-
out the assumption of homogeneity of regression.
Thus, in MLM the data collected at different levels of
analysis may be studied without violating the as-
sumption of independence in linear multiple re-
gression. Multilevel modeling takes dependencies into
account by estimating variance associated with group
differences in average response (intercepts) and group
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differences in association between predictors and de-
pendent variables (slopes). In the hypothesized model,
the first-level units were the repeated measures (the
stress and the non-stress conditions). Second-level
units were the participants of the study.

The hypothesized direct effect of stress on paranoia
(Fig. 1a) is demonstrated if there are higher scores on
the PCL in the high-stress condition compared to the
low-stress condition, which is indicated by the sig-
nificance of ‘stress’ as a predictor of paranoia in the
fixed part of the model.

The hypothesized effect of vulnerability as a mod-
erator (Fig. 2b) is demonstrated if higher total CAPE
scores are associated with a larger increase in the
paranoia scores. This is indicated by the significance of
the stress x CAPE interaction as a predictor of para-
noia in the fixed part of the model.

The effect of anxiety as a mediator (Fig. 1¢) is dem-
onstrated if (7) subjective ratings of anxiety are higher
in the stress than in the non-stress condition, indicated
by the significance of stress as a predictor of anxiety;
(b) the higher ratings of subjective anxiety in the stress
versus the non-stress condition are related to the in-
crease in paranoia in the stress versus non-stress con-
dition, indicated by the significance of anxiety as a
predictor of paranoia; and (c) there is a reduced direct
effect of stress as a predictor of paranoia when the
anxiety ratings are entered in the model.

The moderated mediation (Fig. 1d) is indicated by a
significant CAPE x anxiety interaction predicting
paranoia and a significant stress x CAPE interaction
predicting anxiety.

All predictors were centered around the grand
mean by subtracting the mean score from each case.
The predictors were normally distributed, but some
positive skewness was noted for the DV (0.96, s.0.=
0.21; curtosis=0.68, s.0.=0.42). Data inspection re-
vealed no outliers.

Results
Manipulation check

As shown in Table 1, the mean report of subjective
heart rate was significantly higher under the stress
condition than the non-stress condition and there was
a trend with regard to the rating of arousal. There was
also a significant difference in the expected direction
for the ratings of the question ‘Was the atmosphere
during the experiment relaxed?’, which was an-
swered at the end of each experimental condition
(t=4.8, df=58, p<0.001).

There were no differences in the ratings of
emotional states in either condition between partici-
pants who received the stress condition first and
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Table 1. Mean differences in arousal and emotions between the stress and the non-stress condition

No stress Stress Statistics
Mean S.D. Mean S.D. t, df 4
Arousal and valence
Tensed 3.88 222 4.94 2.99 2.40, 64 0.019
Negative 3.78 2.57 5.34 2.73 4.22, 64 0.000**
Heart rate 1.87 2.06 2.75 2.48 2.92, 64 0.005*
Emotional states
Fearful 1.48 1.80 2.13 2.11 —2.65 0.010*
Angry 1.22 1.66 2.18 2.12 —3.52 0.001**
Embarrassed 1.27 1.49 3.15 291 —5.36 0.000**
Sad 2.12 2.12 3.08 2.68 —3.43 0.001**
Happy 5.37 2.04 5.07 2.12 1.76 0.084
Cognitive states
Confused 4.08 2.37 5.66 2.85 —3.87 0.000**
Motivational states
Indifferent 3.70 2.49 5.16 3.00 —3.86 0.000**
Tired 5.38 2.65 5.31 2.56 0.20 0.846

**p<0.01 and * p<0.05 (with a adjusted for the multiple comparisons within each of the four categories).

participants who received the non-stress condition
first. Thus, the sequence of condition can be ruled out
as a confounding variable.

Direct effect of stress on paranoia

Table 2 shows the results of the multilevel analysis of
paranoia. Model 1 is a model that includes only the
intercept term, which is simply the average of the PCL
scores across individuals and repeated measures.
The intra-class correlation is 0.66, indicating that two-
thirds of the variance is due to differences between
individuals, whereas only one-third is due to the re-
peated measures (stress versus non-stress). In model 2,
stress (thus the experimental condition) is entered as
predictor. The model predicts a significant increase of
paranoia of 1.61 in the stress condition. It improves
overall prediction of paranoia in comparison to the
intercept-only model (model 1), indicated by a sig-
nificant reduction of the Deviance in model 2 com-
pared to model 1 [y*(1)=6.02, p<0.05]. However,
model 2 also showed significant repeated-measures
and significant person-level variance in the intercepts
(average paranoia varies between individuals and for
individuals across repeated measures), indicating
room for improvement in the model.

Moderating effect of vulnerability

The mean CAPE scores were 1.47 (s.0.=0.23), 1.94
(s.0.=0.37) and 1.38 (s.0.=0.37) for the positive, nega-
tive and depression subscales respectively. To reflect
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the hypothesis that the CAPE scores moderate the as-
sociation between stress and paranoia (Fig. 1b), stress
was declared a random effect in model 3. In accord
with this assumption, model 3 revealed significant
person-level variance in the random slope of stress
on paranoia [coefficient (coeff.)=25.54, s.E. =821,
p<0.01].

In model 4 (see Table 2) the baseline psychotic
symptomatology (total CAPE score) and in model 5
the interaction stress x CAPE were added to the mul-
tilevel linear model. The significant stress x CAPE in-
teraction and the significant difference in deviance
between models 4 and 5 [y*(1) =4.59, p <0.05] support
the moderation hypothesis (Fig. 1b). To facilitate in-
terpretation, we calculated the effects of stress on
paranoia at different levels of the moderator (CAPE),
for which we used the bottom quartile (low range),
the second and third quartiles (medium range) and the
fourth quartile (high range). The mean scores on the
PCL in the stress and non-stress conditions for these
three levels of the CAPE are depicted in Fig. 2. The
post-hoc regression slopes were only significant for
participants in the high range of the CAPE.

Mediating effect of negative emotion

Table 1 displays the mean emotions under the stress
and non-stress conditions and also significance levels
for differences in emotional states using paired ¢ tests.
As can be seen, participants were more anxious,
ashamed, angry and sad in the stress condition than
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Values given are coefficient (standard error).

*1<0.01 and * p<0.05 (p

two-tailed significance value).

in the non-stress condition. To test which of the emo-
tions were most strongly associated with the increase
in paranoia, stepwise linear multiple regression analy-
sis was carried out, using the difference scores in the
PCL between the stress and the non-stress conditions
as the dependent variable and the changes in each of
the emotions as predictors, while controlling for
changes in cognitive and motivational states. The
change in anxiety emerged as the only significant
predictor for paranoia (B=-0.99, f=-0.37, p=0.002;
corrected R*=0.13). Thus, the further analyses focused
on the impact of anxiety.

To test the mediation effect (Fig. 1c) we began by
demonstrating the four conditions of the heuristic
model for mediation (as described above). In Table 2,
model 6, it can be seen that anxiety significantly im-
proved the overall prediction of paranoia, indicated by
the significance of the fixed coefficient and the signifi-
cant difference in y? between models 6 and 5 [y*(1)=
4.59, p<0.01]. In addition, after entering anxiety, the
direct impact of stress on paranoia was no longer
significant, nor was the interaction of stress and
symptomatology. To test the significant impact of the
IV on the mediator, anxiety was used as the dependent
variable in an additional multilevel linear model. The
results are depicted in Table 3 and reveal a significant
effect of the stress versus non-stress condition on anx-
iety (model 2). In addition to demonstrating the
heuristic conditions, we used the Sobel test to formally
assess the mediation effect (Krull & MacKinnon, 2001).
The Sobel test statistic was significant (Z=2.54;
p=0.011), supporting an indirect effect of stress on
paranoia through anxiety.

Moderated mediation effect

To test for moderated mediation (Fig. 1d) we first tes-
ted the interaction stress x CAPE in predicting anxiety,
which was not significant (compare Table 3, model 5).
Thus, the increase in anxiety under stress did not
depend on the extent of vulnerability as assessed with
the CAPE. We then tested the interaction Anxiety x
CAPE in predicting paranoia (Table 2, model 7), which
was significant, indicating a moderating effect of
vulnerability on the association between anxiety and
paranoia. These results demonstrate that although
stress caused an increase in anxiety regardless of the
vulnerability, in more vulnerable participants anxiety
was more clearly related to elevated state paranoia.

Specificity
We tested the specificity of the main effect by analyz-

ing the impact of stress on the ADS scores and the
scores in the OCI in two additional multilevel models.
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Table 3. Results of the multilevel analysis of anxiety
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M1 null M2 + stress M3 + stress M5 + stress x
model fixed random M4 +CAPE CAPE
Fixed part predictor
Intercept (IC) —0.002 (0.21) —0.35(0.24) —0.35(0.25) —0.35 (0.20) —0.35 (0.20)
Stress 0.70 (0.24)**  0.70 (0.24)** 0.70 (0.24)** 0.70 (0.24)**
CAPE 0.10 (0.02)** 0.08 (0.02)**
Stress x CAPE 0.04 (0.02)
Random part
Level 1: repeated-measures variance  2.17 (0.38)** 1.93 (0.34)*  1.26 (0.45)** 1.60 (0.45)** 1.50 (0.43)**
Level 2: person-level variance 1.77 (0.54) 1.89 (0.53)**  IC 1.87 (0.52)** IC:1.00 (0.38)** IC: 1.02 (0.38)**
Deviance (x?) 524.55 517.00 517.00 491.78 489.65

CAPE, Community Assessment of Psychic Experience as a measure of baseline vulnerability ; M, model.

Values given are coefficient (standard error).
**p<0.01 and * p<0.05 (p=two-tailed significance value).

The results indicated a significant impact of stress on
depression symptoms (coeff. =1.94, s.£.=0.82, df =64,
p=0.021) but not on symptoms of OCD (coeff.=0.03,
s.E.=0.46-82, df =64, p=0.946). In addition, we tested
for an interaction of CAPE xstress on depression,
which was not significant (coeff.=0.05, s.e.=0.09,
df =64), indicating that the CAPE score added to ex-
plaining the increase of paranoia but not the increase
in depression under stress.

To test whether positive symptomatology is a spe-
cific moderator of the impact of stress on paranoia in
relation to other aspects of psychosis proneness, we
conducted a further MLM of paranoia, testing a model
using stress (random and fixed) and the three CAPE
subscales (depression, negative symptoms, positive
symptoms) as predictors. We found the positive
subscale to be a significant predictor (coeff.=0.41,
s.e.=0.14, df =64, p<0.01), as was the negative sub-
scale (coeff.=0.46, s.e.=0.15, df=64, p<0.01), but
not the depression subscale (coeff.=0.39, s.e.=0.28,
df=64, N.s.), indicating that positive and negative
symptomatology moderate the increase of paranoia
under stress rather than depression.

Discussion

This study set out to investigate the impact of stress on
paranoid thinking and to identify moderators and
mechanisms for this association. It produced several
significant findings. First, stress induced by noise and
knowledge questions led to an increase in state para-
noia and depression. Second, this impact was par-
ticularly pronounced in individuals with higher
baseline levels of subclinical psychosis-prone symp-
tomatology. Third, the effect of stress on paranoia was
mediated by an increase in anxiety. Fourth, stress
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caused an increase in anxiety regardless of the level of
vulnerability but anxiety was more clearly related to
elevated state paranoia in more vulnerable partici-
pants.

The finding that state paranoia was significantly
higher in the stress than in the non-stress condition in
individuals with higher levels of subclinical symp-
toms supports models stating psychosis to be a func-
tion of stress and vulnerability (Zubin & Spring, 1977;
Nuechterlein & Dawson, 1984). It adds to the body of
research in support of an association between stress
and psychosis, while more readily allowing us to infer
that stress was causal to the increase in paranoia.

The mediating effect of anxiety supports the validity
of the theoretical framework by Freeman and col-
leagues on paranoia postulating a direct influence of
anxiety on persecutory delusions (Freeman et al. 2002).
Our results also add to existing evidence of an associ-
ation between delusions and anxiety (Garety ef al.
2005; Freeman et al. 2008).

Furthermore, the results indicate that people who
react to stress with an increase in anxiety might have a
higher risk of developing psychotic symptoms. The
notion that negative affect plays an important role in
the relationship between stress and psychosis is in line
with the results from studies using the ESM (Myin-
Germeys et al. 2001; Myin-Germeys & van Os, 2007).
However, our analysis of the moderated mediation
revealed the increase in anxiety under stress not to
depend on the extent of vulnerability whereas the
association between anxiety and state paranoia did.
The discrepancy between our results and those
from the ESM might be due to differences in the
operationalization of vulnerability.

A direct impact of negative emotions on symptoms
was also reported in some experimental studies
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finding that speech of patients with schizophrenia be-
came more disordered in an affectively negative con-
dition compared to controls (Docherty et al. 1998;
Cohen & Docherty, 2004). Furthermore, higher levels
of affective reactivity in patients have been shown to
be associated with the severity of positive and affective
symptoms (Dinzeo et al. 2004; Docherty et al. 2008).
Our study extends these results by pointing to the
relevance of anxiety, rather than negative mood in
general, as relevant emotion for developing paranoia.

With regard to specificity of the effects we found
that, although the stress condition showed no effect on
symptoms of OCD, it affected paranoid thinking and
depression in a similar manner. The increase of de-
pression under stress is not surprising. Vulnerability—
stress models have been postulated to be equally rel-
evant to depression (Abramson et al. 1989) and stress-
ors are found to precede depression (Kessler, 1997;
Stroud et al. 2008). In addition, affective disorders
possibly share the increased stress sensitivity (Myin-
Germeys et al. 2003), supporting the notion that stress
reactivity may constitute a shared vulnerability for
psychosis and affective disorders (Myin-Germeys &
van Os, 2007; Salokangas et al. 2007). Although the
impact of stress on symptoms is not specific to para-
noia, the moderating effect of subclinical psychosis
seems to be specific as the CAPE added to explaining
the increase of paranoia but not the increase of de-
pression under stress.

Finally, our analyses did not support the assump-
tion by Myin-Germeys & van Os (2007) that altered
sensitivity to stress might represent the underlying
mechanism of the positive syndrome, rather than the
negative-syndrome subtype of psychosis, as the nega-
tive and positive subscales were equally related to the
increase of symptoms under stress.

Strengths and limitations

The study design is characterized by a number of
strengths, including the use of a randomized repeated-
measure design and the inclusion of specific symptom
scales. The sample of healthy participants, rather
than patients, was purposefully chosen to demonstrate
basic mechanisms on the pathway from vulnerability
to psychosis. Limitations might be seen in the use of
a student sample, reflecting concerns that there will
be insufficient variance of psychosis symptoms. How-
ever, students have been found to reveal slightly
higher levels of subclinical psychotic symptoms
(Lincoln & Keller, 2008) and in this sample the CAPE
subscale scores were within the range of the mean
scores found in population samples (Konings et al.
2006). Thus, there was a representative number of high
scorers in the sample, although these scores were still

https://doi.org/10.1017/50033291708004613 Published online by Cambridge University Press

clearly below scores obtained in patient samples (e.g.
Moritz & Laroi, 2008). The self-developed measures of
state paranoia, depression and OCD have not been
tested for their psychometric properties, although the
original scales have. A state paranoia scale for exper-
imental studies produced by Freeman et al. (2007) was
published too late to be used in our study but took
a similar approach and was shown to have good
psychometric properties. In addition, despite the ad-
vantage of taking a single-symptom approach, a rep-
lication using a multi-symptom measure is needed
before generalizing results to all symptoms of psy-
chosis.

The use of a measure to capture subclinical psy-
chotic symptoms as an operationalization of vulner-
ability is justifiable because attenuated subthreshold
psychotic symptoms have been described in retro-
spective studies as risk factors, emerging before first
episodes or psychotic relapse (Van Os et al. 1998;
Meller & Husby, 2000). Moreover, they are frequently
used as low-level criteria in high-risk studies (e.g.
Yung et al. 2003; Brewer et al. 2006). However, it is
agreed that using multiple indicators of risk, for ex-
ample by adding attenuated positive symptoms,
functional decline and genetic risk, is likely to yield
higher predictive values (close-in-strategy; Bell, 1992).

Finally, although laboratory studies have a high re-
liability due to the standardized approach and the
possibility of directly manipulating the variable of in-
terest, ecological validity is higher in the investigation
of real-life stressors, such as the studies carried out
with the ESM (Myin-Germeys & van Os, 2007). Thus,
we argue that these two approaches can complement
one another.

Implications

Many patients report that the worst thing about psy-
chosis is feeling helpless about relapsing, as episodes
often seem to occur without warning. Diathesis—stress
approaches to psychosis have been the basis for nu-
merous therapeutic interventions, particularly psy-
cho-education and relapse prevention (Wiedemann
et al. 2003; Lincoln et al. 2007), teaching patients
to identify early warning signs and symptoms and
monitor these by enhancing coping and reducing
stress (Behrendt, 2001). Our data add to the accumu-
lating evidence indicating that reactivity to stress is a
relevant risk factor on the pathway to psychosis and
extend it by pointing to the relevance of anxiety reac-
tions to stress. Knowledge of this specific vulnerability
is helpful for understanding transition into psycho-
sis. It holds some clinical implications, suggesting
that patients might benefit from stress-management
programs (e.g. Norman et al. 2002). The nature of these
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programs, however, needs to be further explored.
As Myin-Germeys & van Os (2007) point out, it re-
mains uncertain whether interventions should aim to
reduce stress in the environment or to alter personal
reactivity. If future studies are able to replicate the
mediating role of anxiety, it could be worthwhile
identifying relevant stress- and anxiety-related cog-
nitions and schemas, such as helplessness, and promot-
ing interventions targeted more directly at anxiety.
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