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Background. Minor stresses measured in daily life have repeatedly been associated with increased momentary psychotic
experiences, both in individuals with psychotic disorders and in persons who are genetically at an increased risk for
these disorders. Severe hearing impairment (SHI) is an environmental risk factor for psychotic disorder, possibly due
to the experience of social exclusion. The aim of the current study is to investigate whether people with SHI exhibit
higher levels of psychotic reactivity to social stressors in daily life than normal-hearing controls and whether this reac-
tivity is associated with decreased baseline dopamine (DA) D2/3 receptor availability and/or elevated DA release follow-
ing a dexamphetamine challenge.

Method. We conducted an experience sampling study in 15 young adults with SHI and 19 matched normal-hearing con-
trols who had previously participated in a single photon emission computed tomography study measuring DA D2/3

receptor availability and DA release in response to dexamphetamine.

Results. The association between social stress and momentary psychotic experiences in daily life was stronger among
SHI participants than among normal-hearing controls. Interactions between social stress and baseline striatal DA D2/3

receptor availability or DA release were not significant in multilevel models of momentary psychotic experiences includ-
ing age, sex and tobacco use.

Conclusions. While both elevated striatal DA release and elevated psychotic stress reactivity have been found in the
same population defined by an environmental risk factor, SHI, their inter-relationship cannot be established. Further re-
search is warranted to clarify the association between biological and psychological endophenotypes and psychosis risk.
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Introduction

Hearing impairment (HI) is highly prevalent; it affects
approximately 10% of the population (Stevens et al.
2013), making it the most common sensory deficit
worldwide (Mathers et al. 2008). HI is strongly asso-
ciated with mental health problems (Fellinger et al.
2007) and projected to enter the top 10 in burden of
disease in the coming decade (Mathers & Loncar,
2006). People with HI more often have psychotic
experiences (Stefanis et al. 2006; van der Werf et al.
2007, 2011) and more often develop psychotic
disorders (Cooper, 1976; David et al. 1995; Fors
et al. 2013). The aetiology and pathogenesis of this

increased psychosis risk are uncertain, but evidence
suggests that chronic social exclusion may be an im-
portant element of aetiology (Selten & Cantor-Graae,
2007; Selten et al. 2013). As far as pathogenesis is con-
cerned, an environmental risk factor such as HI may
induce, through a process of ‘sensitization’, elevated
dopamine neurotransmission and/or cognitive biases
facilitating the onset of psychotic symptoms (Collip
et al. 2008).

Cognitive biases relevant to HI may consist of altered
perceptions and responses in social situations, where
people with hearing loss face more uncertainty than
their normal-hearing peers. To identify the speaker
and understand a degraded speech signal through vis-
ual and contextual inference requires great cognitive ef-
fort and includes the possibility of miscommunication,
which is likely to cause stress. Minor stresses, including
social stress, measured in daily life have repeatedly
been associated with increases in momentary psychotic
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experiences (MPE), both in individuals with psychotic
disorders and in persons who are genetically at an
increased risk for such disorders (Myin-Germeys et al.
2001, 2005a). Increased levels of such stress reactivity
may represent a vulnerability marker for psychotic dis-
order, with again elevated mesolimbic dopamine neu-
rotransmission as a possible underlying mechanism
(Myin-Germeys & van Os, 2007). This hypothesis has
not yet been tested in persons who are at increased
risk for psychosis due to an environmental risk factor.
Social stress is of particular interest in relation to meso-
limbic dopamine and psychosis since several exper-
imental studies have reported increased striatal
dopamine release in response to social stress in patients
with schizophrenia and groups at clinical high risk
(Soliman et al. 2008; Mizrahi et al. 2012). A similar
association was found between daily life stress mea-
sures and plasma elevations of homovanillic acid, a
proxy measure of dopaminergic reactivity, in indivi-
duals genetically at high risk for schizophrenia, but
not in controls (Myin-Germeys et al. 2005b). Recently,
we showed greater striatal dopamine release in re-
sponse to an amphetamine challenge in individuals
with severe HI (SHI) compared with normal-hearing
peers (Gevonden et al. 2014a).

The aim of the current study was to examine
whether individuals with SHI are sensitized to daily
life social stress and whether elevated striatal dopa-
mine neurotransmission underlies this sensitization.
It was predicted that (i) individuals with SHI react
with more MPE to social stress in daily life than
normal-hearing controls and (ii) that such reactivity
to social stress is associated with decreased baseline
dopamine D2/3 receptor availability and/or elevated
amphetamine-induced dopamine release. Since affect-
ive dysregulation may contribute to the pathogenesis
of psychotic symptoms (Myin-Germeys & van Os,
2007; Lataster et al. 2013), it was also predicted (iii)
that individuals with SHI react with more negative
affect (NA) to social stressors than normal-hearing
controls.

Method

Participants

The sample consisted of young adults with SHI and
normal-hearing healthy controls who had previously
participated in a single photon emission computed tom-
ography (SPECT) study (numbered NL24257.018.08) at
the Academic Medical Center in Amsterdam. They had
originally been recruited through local media, audiol-
ogy services and patient organizations and had agreed
to be contacted for further research. A total of 15 of the
19 participants with SHI and 18 of the 19 controls from

the imaging study (Gevonden et al. 2014a) could be in-
cluded in the experience sampling method (ESM)
study. Reasons for not participating in the ESM study
were lack of time or motivation. One control participant
who was not included in the analysis of the imaging
study because of technical problems did participate in
the current ESM study. The interval between the
measurement of dopamine release following the dex-
amphetamine challenge and the measurement of stress
reactivity in the ESM study ranged from 1 day to 2 years
(median = 143 days, interquartile range = 375 days). This
time interval between SPECT and ESM assessment did
not differ between groups [mean SHI = 189 days, mean
control = 183 days, t(32) =−0.094, p = 0.93].

SHI was defined as having a Fletcher index (FI) >60
dB, i.e. an average pure-tone audiometry threshold
over 500, 1000, 2000 and 4000 Hz in the best ear >60
dB for at least 3 years and normal hearing was
defined as FI < 20 dB.

Other inclusion criteria for the SPECT study were:
(1) age between 18 and 30 years old; (2) completed pri-
mary school; (3) born in the Netherlands to parents
born in the Netherlands; and (4) white skin colour.
Exclusion criteria were: (1) past or present history of
neurological disorder (e.g. epilepsy, meningitis, struc-
tural brain damage); (2) abnormal electrocardiogram;
(3) past or present history of substance abuse, psy-
chosis, bipolar disorder or attention-deficit/hyperactiv-
ity disorder; (4) current major depression or use of
antidepressant medication; (5) past or present use of
medication known to affect dopamine D2/3 receptor
binding (including all antipsychotics and methylpheni-
date); (6) history of use of any illicit drug other than
cannabis; (7) past-year radiation exposure for research
purposes; (8) family history (first-degree) of psychotic
disorder; (9) positive urine drug screen prior to
SPECT imaging; and (10) for females, a positive urine
pregnancy test or breast feeding. Additionally, indivi-
duals with SHI were excluded if they had attended a
primary or secondary school in which they actively
learned or used Dutch Sign Language, because being
part of a signing deaf community could be protective
against social exclusion (Fellinger et al. 2007). Control
participants were excluded if they had any form of im-
pairment that could lead to social exclusion (e.g.
wheelchair user).

Ethics

The study was approved by the local medical ethics
committee of the Maastricht University Medical
Center. All participants gave written informed consent
and received remuneration of €50. The study protocol
was registered prior to inclusion of the first participant
in the Dutch Trial Registry under number NTR2973.
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The authors assert that all procedures contributing
to this work comply with the ethical standards of the
relevant national and institutional committees on
human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

Measures of intelligence, perceived discrimination
and social exclusion

General intelligence was estimated using a short ver-
sion of the Wechsler Adult Intelligence Scale
(Velthorst et al. 2013) and verbal intelligence using the
Dutch version of the National Adult Reading Test
(Schmand et al. 1991). Perceived discrimination was
measured by asking participants if they had ever experi-
enced discrimination in any of 12 different domains, in-
cluding education, the job market and health care and
counting the number of domains in which participants
responded ‘yes’. At the time of the SPECT study
(Gevonden et al. 2014a), social exclusion was further
measured with the Social Comparison Scale (Allan &
Gilbert, 1995), where lower scores mean that partici-
pants compare themselves less favourably with others,
as well as with the Social Defeat Scale (Gilbert & Allan,
1998), and the UCLA Loneliness Scale (Russell, 1996),
where higher scores indicate more feelings of defeat
and loneliness.

SPECT acquisition and analysis

To measure baseline dopamine D2/3 receptor avail-
ability and the degree of amphetamine-induced dopa-
mine release, participants underwent two [123I]
iodobenzamide (IBZM) SPECT scans on the same
day: the first before and the second after intravenous
administration of dexamphetamine. Scans were made
on a brain-dedicated scanner (Neurofocus 810, Inc.;
USA) using a bolus/continuous infusion paradigm
(Booij et al. 1997). A region-of-interest (ROI) analysis
was performed with a fixed ROI for the striatum and
the occipital cortex as a reference region. The non-
displaceable binding potential (BPND) was calculated
at baseline and after amphetamine administration as
the ratio of specific to free and non-specific binding.
Dopamine release was then quantified as the percent-
age change in BPND from baseline. For full details of
the scanning procedure and image analysis see
Gevonden et al. (2014a).

ESM

Participants received an e-diary, the PsyMate, which
was programmed to emit a beep signal and vibrate at
random moments in each of ten 90-min time blocks be-
tween 07.30 and 22.30 hours on eight consecutive days
(Myin-Germeys et al. 2009; Palmier-Claus et al. 2011).

Participants were instructed to carry the PsyMate on
their body at all times so the signal could be felt as
well as heard. Many SHI participants were already ac-
customed to carrying their personal smartphone in
this manner to attend to text messages, so bias due to
not noticing the signal was expected to be minimal.
The semi-random beep design prevents anticipatory be-
haviour of participants, and ensures that the full time
window between 07.30 and 22.30 hours is covered for
sampling of experience. After each beep, participants
were asked to start the self-assessment promptly, thus
collecting reports on the current context (activity, social
context, location), appraisals of their current situation
and affect and the presence of psychotic symptoms.
Appraisals were measured with seven-point Likert
scales. After 15 min the signal expired and participants
could no longer start the assessment, as earlier work has
shown that after this interval reports are less reliable
and consequently less valid (Delespaul, 1995). To en-
sure a representative sample of daily life at least 27
valid reports (out of 80) were required for a participant
to be included in the analyses. No participants were
excluded for this reason. For each subset of ESM items
that was used as a scale, Cronbach’s α was computed
and a coefficient >0.7 was considered to reflect good
internal consistency.

Social stress was measured only on beeps when the
respondent indicated that (s)he was in the company of
others using the ESM items ‘I like the present com-
pany’ (reverse-coded so that higher scores mean less
pleasant company) and ‘I would rather be alone’
(Cronbach’s α: 0.74) (Myin-Germeys et al. 2001).

As in earlier work (Myin-Germeys et al. 2005b), a
scale representing MPE was constructed from the
mean score of eight ESM items: ‘I feel suspicious’,
‘My thoughts are difficult to express’, ‘I can’t let go
of my thoughts’, ‘My thoughts are influenced by
other people’, ‘I feel unreal’, ‘I see things that aren’t
really there’, ‘I hear voices’, ‘I am afraid of losing con-
trol’ (Cronbach’s α: 0.73).

A NA scale was constructed based on the mean score
of the mood items ‘down’, ‘guilty’, ‘insecure’, ‘lonely’
and ‘anxious’ (Cronbach’s α: 0.79) (Myin-Germeys
et al. 2001).

Statistical analyses

All analyses were carried out in Stata12 for Windows
with the significance level set at 0.05 (two-tailed).
ESM data have a hierarchical structure with multiple
observations (level 1) nested within individuals (level
2) (Schwartz & Stone, 1998). Given that hierarchical
clustering induces violation of the assumption of inde-
pendence of observations, standard errors were cor-
rected for clustering of observations within persons
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by applying multilevel random regression models
(Goldstein, 2005).

Data were analysed using the XTMIXED multilevel
linear regression routine. To account for possible bias
inflating the type 1 error rate, models included a ran-
dom intercept and random slope at the beep level
and were assumed to have an unstructured covariance
matrix.

To study the effect of HI on reactivity to social stress
two separate regression models were tested with MPE
and NA as the respective dependent variables and the
interaction between group (SHI versus control) and
social stress as the comparison of interest.

The relationship between striatal dopamine neuro-
transmission and reactivity to social stress was again
studied with MPE and NA as dependent variables.
Eachwas tested in two separatemodels, onewith the in-
teraction between social stress and dopamine receptor
availability (BPND) and one with the interaction be-
tween social stress and dexamphetamine-induced
dopamine release (ΔBPND). Age, sex and smoking sta-
tus were included as person-level covariates as they
are known to affect dopamine D2/3 receptor availability
(Rinne et al. 1993; Pohjalainen et al. 1998; Fehr et al. 2008).

Group comparisons for background variables were
performed with χ2 tests for categorical data and t tests
for continuous data. To compare the group averages
of ESM variables an individual mean was first calcu-
lated over all reports; these valueswere then aggregated
to obtain the group mean and standard deviation.

Sensitivity analysis

The distribution of MPE in a healthy sample is gener-
ally strongly skewed. This was confirmed for the cur-
rent sample by visual inspection of the data and
therefore sensitivity analyses were conducted using
the XTMELOGIT routine, with MPE dichotomized as
‘no current psychotic experience’ [score 1 on the con-
tinuous MPE scale; 1089 observations (55%)] and ‘at
least one current psychotic experience’ [score >1 on
the continuous MPE scale; 883 observations (45%)].

For further insight into the nature of the interaction
effects in the analysis, odds ratios (ORs) for the pres-
ence of psychotic experiences given a situation of social
stress were computed using the LINCOM routine. For
this analysis, a social stress situation was defined as
any situation where the social stress score exceeded
the individual median.

Results

Sample characteristics

The data of one participant could not be analysed due
to technical problems with the e-diary. The final

sample thus included 34 participants: 15 (44%) people
with SHI and 19 (56%) controls with normal hearing,
who completed a total of 1972 valid ESM observations
(mean = 58.00, S.D. = 9.48). The groups did not differ in
mean number of ESM reports [SHI group: 58.20 (S.D.
= 7.26), control group: 57.84 (S.D. = 11.12), t(32) = 0.11,
p = 0.91]. Average hearing loss in the best ear was 9
(S.D. = 3) dB in the control group and 88 (S.D. = 16) dB
in the SHI group. There were no differences between
groups in education level or general intelligence, but
the control group scored marginally better on the ver-
bal intelligence quotient (IQ) test. There was a signifi-
cant difference in perceived discrimination between
the groups [χ2(2) = 10.90, p = 0.004]. Half of the SHI par-
ticipants reported experiencing discrimination in mul-
tiple domains, whereas this applied to only one
control participant. SHI participants had lower scores
on the Social Comparison Scale (Allan & Gilbert,
1995), and higher scores on the Social Defeat Scale
(Gilbert & Allan, 1998) and the UCLA Loneliness
Scale (Russell, 1996). This confirms that the SHI
group experiences more social exclusion than the con-
trol group. Group means and standard deviations for
background variables and ESM variables are summar-
ized in Table 1.

Social stress

In 1234 observations (63%) the respondent was not
alone. Control participants gave more responses in
the presence of others (70%, S.D. = 13%) than SHI parti-
cipants (55%, S.D. = 19%) [t(32) = 2.72, p = 0.01], but
levels of social stress did not differ between SHI parti-
cipants and controls (Table 1).

Stress reactivity

Mean levels of MPE and NA were higher in the SHI
group compared with the control group (Table 1). In
order to test for the presence of group differences in
stress reactivity, the interaction effects between group
(SHI versus control) and social stress on MPE and NA
were examined. The interaction between group and
social stress was not significant in the model of NA,
but it was significant in the model of MPE: SHI
participants showed a stronger positive association
between social stress and MPE than normal-hearing
controls (Table 2).

Dopamine measures and stress reactivity

When adjusting for age, sex and smoking, the interac-
tion between social stress and BPND was not associated
with MPE [B = 0.01, 95% confidence interval (CI)
−0.095 to 0.116, p = 0.84] or NA (B = 0.17, 95%
CI −0.106 to 0.445, p = 0.23). Likewise, the interaction
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between social stress and ΔBPND was not associated
with MPE (B < 0.001, 95% CI −0.001 to 0.001, p = 0.90)
or NA (B < 0.001, 95% CI −0.003 to −0.004, p = 0.71).
These analyses were repeated with the interval in
days between SPECT and ESM as an additional covari-
ate, but the results remained essentially unchanged.

Sensitivity analysis

In 43% of the 1234 situations (beeps) where the respon-
dent was not alone, at least one MPE was present ac-
cording to the dichotomized measure. Using this
alternative outcome measure, the interaction between
group and social stress was not significant (B = 0.35,
95% CI −0.036 to 0.731, p = 0.08). Fig. 1 illustrates
that when social stress ratings increase, the probability
of the occurrence of at least one psychotic experience

increases more in the SHI group than in the control
group.

Using a within-person median split to dichotomize
social stress, and computing the odds for any psychotic
experience for low versus high social stress revealed
that the OR was 1.80 (95% CI 1.12–2.90) in the control
group and 2.81 (95% CI 1.48–5.32) in the SHI group.

Discussion

This study examinedwhether individualswith SHI, pre-
viously found to report more social exclusion and to
exhibit increased amphetamine-induced dopamine
release in comparison with controls, have more
psychotic experiences in response to real-life social stres-
sors, and, if so, whether this psychotic hyper-reactivity is

Table 1. Participant characteristics

Control
(n = 19) σ

Severe hearing
impairment (n = 15) σ Test statistic p

Age, years, months 25, 8 (2, 11) 26, 5 (2, 11) t(31) =−0.68 0.502
Sex, n (%) χ2(1) = 0.10 0.749
Male 3 (19) 3 (20)
Female 16 (81) 12 (80)

Smoker, n (%) χ2(1) = 0.10 0.749
Smoker 3 (19) 3 (20)
Non-smoker 16 (81) 12 (80)

Education, n (%) χ2(1) = 0.68 0.410
Higher 18 (95) 13 (87)
Mid or lower 1 (5) 2 (13)

Discrimination, n (%) χ2(2) = 10.90 0.004
None 8 (44) 4 (29)
One domain 9 (50) 2 (14)
Two domains or more 1 (6) 8 (56)

IQ 110.83 (17.60) 106.07 (16.16) t(31) = 0.80 0.428
VIQ 105.72 (6.92) 100.85 (6.04) t(30) = 2.08 0.046
Social defeat 10.89 (6.84) 16.47 (7.39) t(32) =−2.28 0.030
Social comparison 72.79 (13.19) 63.33 (12.16) t(32) = 2.14 0.040
Loneliness 39.37 (8.39) 47.53 (7.17) t(32) =−3.00 0.005
ESMa

NA 1.51 (0.40) 1.98 (0.68) t(32) =−2.50 0.018
MPE 1.13 (0.15) 1.38 (0.39) t(32) =−2.61 0.014
Social stress 2.23 (0.64) 2.28 (0.76) t(32) =−0.20 0.842

Striatal D2/3 receptor availability
n 18 15
BPND 0.81 (0.19) 0.92 (0.21) t(31) =−1.64 0.112
ΔBPND −9.62 (15.96) −21.60 (14.45) t(31) = 2.24 0.032

Data are given as mean (standard deviation) unless otherwise indicated.
IQ, Intelligence quotient; VIQ, verbal intelligence quotient; ESM, experience sampling method; NA, negative affect; MPE,

momentary psychotic experiences; BPND, non-displaceable binding potential; ΔBPND, percentage change in BPND after dexam-
phetamine administration.

a For the daily life, experience sampling variables, which included multiple observations over time from each participant,
an individual mean was first calculated over all reports; these values were then aggregated to obtain the group mean and
standard deviation.
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associated with sensitivity of the dopamine system. The
main result is that participants with SHI indeed report
more psychotic experiences in response to social stress
than normal-hearing control participants. However,
we found no association between psychotic reactivity
to social stress in daily life and baseline dopamine D2/3

receptor availability or amphetamine-induced dopa-
mine release in the striatum.

Psychotic reactivity and social stress

The main result, increased psychotic reactivity to social
stress in a SHI group, is in line with earlier ESM studies
showing increased psychotic reactivity in siblings of
patients, a group at genetic risk for psychotic disorder
(Myin-Germeys et al. 2005a, b). The current study
extends these findings to a group selected for exposure
to an environmental risk factor and provides prelimi-
nary evidence for behavioural sensitization in this

group. This sensitization is possibly a result of negative
day-to-day experiences related to their outsider status.
In patients with psychosis, negative life events and
traumatic childhood experiences are associated with
increased stress reactivity (Myin-Germeys et al. 2003;
Lardinois et al. 2011). In fact, SHI participants in this
study report more discrimination, which previously
has been found to mediate the risk for psychotic symp-
toms in a sexual minority population (Gevonden et al.
2014b), and probably signals a much wider range of
major and minor negative social experiences which
have been collectively termed minority stress (Meyer,
2003). Earlier studies have shown that hearing prob-
lems can manifest themselves in difficulties at school
(Järvelin et al. 1997; Sweeting & West, 2001) and in
the workplace (Hasson et al. 2011), which are often
not (sufficiently) adapted to the needs of people with
HI, resulting in unemployment and lower social status
(Järvelin et al. 1997; Pierre et al. 2012; Stam et al. 2013).
Repeated negative social experiences could lead to the
formation of cognitive biases, in effect internalizing the
minority stress, for example by a growing expectation
of rejection and increasingly negative self-image
(Meyer, 2003). In turn, these cognitive biases could
play an important role in the formation and exacer-
bation of psychotic symptoms (Garety et al. 2001,
2007), measured in this study as psychotic experiences
in response to unpleasant company. An alternative ex-
planation to consider is source-monitoring problems,
which have been reported in schizophrenia patients
and their siblings (Keefe et al. 1999; Brunelin et al.
2007). While not measured in the current study, it is
likely that people with SHI, who deal with degraded
auditory signals and need to rely heavily on contextual
and visual inference, will also show impairment on
source-monitoring tasks. This impairment in turn
could fuel the aforementioned cognitive biases and

Table 2. Main and interaction effects of group and social stress on negative affect and momentary psychotic experiencesa

B 95% CI S.E. Z p

Negative affect
Group 0.150 −0.095 to 0.395 0.125 1.20 0.231
Social stress 0.143 0.073 to 0.214 0.362 3.97 <0.001
Group × social stress 0.081 −0.029 to 0.190 0.056 1.44 0.149

Momentary psychotic experiences
Group 0.118 0.013 to 0.223 0.054 2.21 0.027
Social stress 0.015 −0.010 to 0.040 0.013 1.16 0.245
Group × social stress 0.043 0.004 to 0.081 0.020 2.16 0.030

B, Standardized regression coefficient; CI, confidence interval, S.E., standard error.
a Multilevel linear regression results for the main effects of stress and group and the interaction effect of social stress ×

group (severe hearing impairment versus control) on negative affect and momentary psychotic experiences (n = 34, 1234
beeps).

Fig. 1. Probability of momentary psychotic experiences
(MPE, dichotomous) as predicted by social stress rating,
stratified by group: healthy controls (HC) and severe
hearing impairment (SHI).
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influence stress reactivity, for instance manifesting it-
self as increased paranoia. Finally, it should be noted
that while recent work suggests a prominent role for
affective stress reactivity in the development of posi-
tive symptoms (Lataster et al. 2013), no significant
group effects on NA reactivity were found in this
study. However, a significant affective response to
social stress was measured across both groups
(Table 2), and SHI participants did give higher average
moment-to-moment NA ratings than controls irrespec-
tive of stress (Table 1), suggesting that a subtle
between-group difference could be present that we
are unable to detect with the current sample size.

Striatal dopamine and social stress

The absence in this sample of an association between
striatal dopamine neurotransmission and reactivity to
social stress raises the question whether dopamine
alterations underlie the development of psychotic
symptoms in individuals with SHI. The result may
seem at odds with positron emission tomography
(PET) studies using the Montreal Imaging Stress
Task, which have shown that acute social stress causes
measurable striatal and prefrontal dopamine release
(Pruessner et al. 2004; Lataster et al. 2011) and that peo-
ple at high risk for psychotic disorders display larger
striatal dopamine release under stress than healthy
controls (Mizrahi et al. 2012). However, in the preced-
ing SPECT study in the same sample (Gevonden
et al. 2014a) we found no association between dopa-
mine release and increase in psychotic symptoms
after amphetamine administration, or between dopa-
mine release and direct measures of social exclusion.
The absence of an association between striatal dopa-
mine neurotransmission and psychotic reactivity in
this ESM study mirrors that first result, but might
also be related to the fact that dopaminergic activity
was measured at a different time than stress reactivity,
or be a matter of limited statistical power as further
discussed under the limitations below. Nevertheless,
on the basis of these data it can only be established
that elevated striatal dopamine neurotransmission
and elevated stress reactivity co-occur in the same
environmental-risk population. While striatal dopa-
mine release may be a valid biological vulnerability
marker for psychosis, in a healthy population it has
limited value, if any, to predict stress reactivity, a beha-
vioural vulnerability marker for the disorder.

Strengths and limitations

This study has several strengths, but also a number of
methodological issues to consider. It is the first study
of symptomatic reactivity to daily life stress in a sam-
ple at increased risk for psychosis that was selected

on the basis of an environmental risk factor instead
of selection based on already existing psychotic symp-
toms (ultra-high risk) or genetic liability (relatives of
psychotic patients). Moreover, it is the first ESM
study in individuals with HI, a socially excluded but
otherwise healthy population. Finally, the study offers
a rare combination of high-quality dopamine imaging
data and measurements of daily life experience suited
to study the relationship between biological and
psychological endophenotypes of psychosis risk. This
is important, as extensive evidence (for a review, see
Brunelin et al. 2013), including a number of studies in
individuals at risk for psychosis (Howes et al. 2009;
Mizrahi et al. 2012; Egerton et al. 2013), suggests that
excess striatal dopamine constitutes an endophenotype
of psychosis. Nevertheless, little is known about the
way these abnormalities relate to psychological vulner-
ability markers such as MPE.

The main limitation of this study is the small sample
size. However, the unilevel equivalents for our multile-
vel sample size (Snijders & Bosker, 1999) were 78 (psy-
chosis) and 82 (NA), which should be adequate to find
medium to large effects in tests of two-way interac-
tions. Use of the appropriate statistical methods
which take into account the multilevel structure of
the data leads to conservative tests unlikely to yield
false positives, and therefore the interaction effect be-
tween social stress and group can be interpreted with
confidence. Even though this finding was no longer
significant (p = 0.076) when subjected to a sensitivity
analysis, Fig. 1 shows that the probability of the occur-
rence of at least one MPE seems to be influenced more
by social stress in the SHI group than in the control
group.

Second, dopamine release was measured up to 2
years before this ESM study, not in relation to daily
life and not in response to a social stressor. While
[123I]IBZM SPECT is an established and validated
method to measure striatal dopamine neurotransmis-
sion, including amphetamine-induced dopamine re-
lease (Laruelle et al. 1995; Booij et al. 1997), the timing
of measurement matters. For example, while sympto-
matic schizophrenia patients differ from controls in
amphetamine-induced dopamine release, patients
who are in remission do not (Laruelle et al. 1999).
Furthermore, it is possible that the dopaminergic re-
sponse to a pharmacological challenge is qualitatively
different from the dopaminergic response to a social
stressor.

Third, while the SPECT scans were made with a
brain-dedicated system with relatively high spatial res-
olution, we did not succeed in reliably identifying
striatal subdivisions for analysis. Although we suc-
ceeded in measuring dopamine release in the entire
striatum, PET brings greater possibilities to distinguish
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substriatal structures, zoom in on the area where dopa-
minergic alterations occur and obtain a better signal:
noise ratio (Mawlawi et al. 2001; Martinez et al. 2003).
For example, a dopamine depletion PET study in
schizophrenia patients suggests that dopamine D2/3 re-
ceptor availability differs in the associative striatum
and not in the limbic (ventral) or sensorimotor striatum
(Kegeles et al. 2010).

Fourth, selection bias may have affected the out-
comes of this study. Volunteers for a demanding
imaging study are probably higher-functioning indivi-
duals. Educational levels are high in both groups,
while they were expected to be lower in the SHI popu-
lation (Järvelin et al. 1997). The high-functioning SHI
population in this study is likely to receive relatively
high levels of social support which may act as a buffer
to the effects of social exclusion (Meyer, 2003) and they
may therefore present with fewer psychotic symptoms
than the average person with SHI. However, SHI par-
ticipants did score significantly higher than controls on
all social defeat measures, with large group differences
of approximately one standard deviation. Finally, since
stress reactivity is defined as the affective and psy-
chotic response to subjective stress, and since the
analyses in this study are cross-sectional and do not
incorporate a time factor, the possibility of reverse
causality cannot be ruled out. Higher levels of NA or
MPE could possibly alter environmental appraisals.
Regardless of directionality, however, a form of reac-
tivity is measured which can be compared between
individuals and groups.

Conclusion

To conclude, this study shows more psychotic reac-
tivity to daily life stress in a healthy but socially
excluded group of young adults with SHI compared
with controls with normal hearing. An association be-
tween psychotic reactivity and striatal dopamine neu-
rotransmission was also predicted but not detected.
While both elevated striatal dopamine release and
elevated psychotic stress reactivity have been found
in the same population defined by an environmental
risk factor, their inter-relationship cannot be estab-
lished with the current data. The results of this study
warrant further research to clarify the association be-
tween biological and psychological endophenotypes
and psychosis risk.
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