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Introduction

Auditory hallucinations, mostly in the form of voices, are a 
core symptom of schizophrenia spectrum disorders and have 
been the subject of clinical research for decades. Much has 
been done to understand the neurobiological basis of audi-
tory hallucinations, and increasing attention is paid to cog-
nitive and emotional etiological factors (Beck et al. 2009). 
Nevertheless, our knowledge about the social causes and 
triggers of hallucinations is still limited. Given that social 
factors may be a fairly accessible therapeutic target at any 
point of the course of the disorder, a more detailed knowl-
edge about which social factors contribute to the etiology of 
hallucinations can help us to develop effective psychosocial 
interventions.

In recent years, researchers have begun to investigate the 
social environment and specifically social contact as a poten-
tial cause for auditory hallucinations. Two distinct hypoth-
eses were generated to explain how social contact (or the 
lack thereof) causes hallucinatory experiences: the social 
defeat hypothesis (Selten and Cantor-Graae 2005; Selten 
et al. 2013) and the social deafferentation hypothesis (Hoff-
man 2007, 2008). Both theories postulate that certain social 
factors make people vulnerable to psychosis and constitute 
stressors that trigger psychotic experiences such as hallu-
cinations. Whereas evidence from epidemiological studies 
has been accumulated for both models’ macro-level notion 
that a history of social adversity adds to the underlying vul-
nerability for psychosis, far less attention has been given 
to the role of social factors as stressors that directly trigger 
hallucinations at the micro-level in the context of daily life. 
Previous ambulatory assessment studies indicate that social 
interactions with unfamiliar individuals precede anomalous 
experiences in population samples with a preexisting vulner-
ability to psychosis (Verdoux et al. 2003), whereas social 
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engagement intensifies hallucinations in people with a psy-
chotic disorder (Delespaul et al. 2002). Thus, the existing 
studies support the idea that social factors trigger hallucina-
tory experiences in daily life. However, to date, no study 
has investigated social factors as triggers of hallucinations 
within the framework of the social defeat or the social deaf-
ferentation hypothesis.

The Social Defeat Hypothesis

The social defeat hypothesis (Selten and Cantor-Graae 2005; 
Selten et al. 2013) is based on epidemiological findings that 
identified urbanicity, migration, childhood trauma, low IQ, 
and drug abuse as risk factors for schizophrenia (Selten et al. 
2013). According to the social defeat hypothesis, the nega-
tive experience of exclusion from a majority group is the 
common denominator of these five risk factors. In essence, 
the hypothesis proposes that “any characteristic that defines 
a person as different from their environment may increase 
their risk for psychosis” by facilitating “one type of expo-
sure, namely the negative experience of being excluded 
from the majority group” (Selten et al. 2013). According to 
the social defeat hypothesis, accumulated negative experi-
ences of being excluded increase the risk for psychosis by 
sensitizing the mesolimbic dopamine system, leading to an 
enhanced dopamine response to subsequent social defeat. In 
line with this hypothesis, cross-sectional studies found an 
association of social defeat/social exclusion and psychotic 
symptoms (Jaya and Lincoln 2016; Stilo et al. 2013; Val-
maggia et al. 2015; van Nierop et al. 2014). Specifically, 
people with psychosis who hear distressing voices report 
social and interpersonal cognitions characterized by an 
appraisal of their social rank as subordinate as well as a 
low sense of group identification and belonging, which indi-
cates prior social defeat (Birchwood et al. 2000). Moreover, 
experimental studies that simulate social defeat have shown 
that experiencing social exclusion induces psychotic experi-
ences (Kesting et al. 2013; Westermann et al. 2012). Finally, 
an fMRI-study showed that an anomalous activation of the 
medial prefrontal cortex in response to increasing levels of 
simulated exclusion in participants with schizophrenia was 
associated with the severity of delusions, grandiosity, and 
hallucinations (Gradin et al. 2012).

The Social Deafferentation Hypothesis

Whereas the social defeat hypothesis postulates that expo-
sure to negative (or negatively appraised) social interactions 
constitutes the key social risk factor for schizophrenia, the 
social deafferentation hypothesis (Hoffman 2007, 2008) 
postulates that the lack of social interaction as such is the 
key risk factor: Much like certain brain regions respond 
to the loss of neural input due to a lost limb by internally 

generating a phantom limb sensation from spurious neural 
activity, neural networks associated with social cognition 
begin to process spurious neural information in absence of 
external social stimuli (i.e. social withdrawal or isolation). 
This results in “complex, emotionally compelling hallucina-
tions and delusions representing other social agents” (Hoff-
man 2007). This hypothesis is supported by epidemiological 
findings that identify social withdrawal (Kwapil 1998) and 
isolated living conditions (van Os et al. 2000) as risk factors 
for schizophrenia spectrum disorders. Moreover, it has long 
been known that hallucinations can be induced by extreme 
sensory deprivation (Schulman et al. 1967).

Suitability of Social Defeat and Social Deafferentation 
as Triggers for Hallucinations

The social deafferentation hypothesis primarily stems from 
observations regarding the emergence of distressing hallu-
cinations (Hoffman 2007), which makes hallucinations the 
prototypical symptom to this hypothesis. The social defeat 
hypothesis, by contrast, postulates social defeat/social 
exclusion to be a risk factor for psychosis in general with-
out further elaborating on single symptoms. Evidence from 
research on social rank threat in voice hearers, however, 
shows that social-cognitive beliefs indicative of recurring 
social defeat are associated with hearing distressing voices 
(Birchwood et al. 2004, 2000).

A striking similarity of both hypotheses is their focus on a 
vulnerability-stress mechanism consisting of immediate and 
long-term exposure to certain social stimuli: According to 
the social defeat hypothesis, an increased risk of psychosis 
results from continued exposure to an adverse social situa-
tion (e.g., belonging to a minority in a majority-dominated 
neighborhood), which increases a person’s vulnerability to 
future events of social stress (Selten et al. 2013). Similarly, 
the social deafferentation hypothesis postulates that pro-
longed social isolation, especially during critical develop-
mental periods, induces cortical changes that increase the 
likelihood that future experiences of social isolation will 
trigger hallucinations (Hoffman 2007). As we mentioned 
before, the bulk of evidence for both theories comes from 
epidemiological and neurological studies of long-term risk-
factors that support the vulnerability-part of both theories 
(Hoffman 2007, 2008; Selten and Cantor-Graae 2005; Selten 
et al. 2013). However, there is also correlational (Jaya and 
Lincoln 2016) and experimental (Kesting et al. 2013; West-
ermann et al. 2012) evidence supporting the idea that imme-
diate social defeat or social deafferentation triggers psycho-
sis symptoms.

Of importance, Selten et al. (2013) described a poten-
tial overlap between social defeat and social deafferenta-
tion. Social isolation could be a consequence of repeat-
edly experiencing social defeat. For example, after feeling 
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excluded, a person may decide to withdraw from a certain 
peer-group, leading to less social interaction. Furthermore, 
social isolation may be appraised as defeating (e.g., if a per-
son attributes the absence of social contact as not ‘fitting 
in’). In consequence, both theories have to be tested together. 
Otherwise, any association between social defeat and hal-
lucinations could result from the confounding influence of 
social deafferentation or vice versa.

In sum, experimental evidence points towards a potential 
dose–response or trigger effect of social defeat and social 
deafferentation. Conclusive evidence for one hypothesis, 
however, requires a direct comparison of the influence of 
both social factors on hallucinations. Elucidating which 
of these two hypotheses holds true in daily life is not only 
of theoretical importance, but also yields crucial clinical 
implications. If social isolation is found to be the underly-
ing social risk factor, interventions and prevention strate-
gies could be improved by focusing on the client’s social 
network and increasing social interactions. If, however, 
negative appraisal (i.e., social defeat) is found to be the most 
important social risk factor, interventions should focus on 
modifying negative social cognitions and teaching functional 
ways of relating to others.

Aims of This Study

In this study, we tested whether indicators of social deaf-
ferentation and social defeat reported once per day are asso-
ciated with hallucination spectrum experiences (HSE; i.e., 
auditory hallucinations along with the subclinical precur-
sors vivid imagination, perceptual sensitivity, and intrusive 
thoughts) in a community sample. We aimed to identify 
social factors that co-vary with HSE and may thus constitute 
potential triggers for first episodes of auditory hallucinations 
and their subclinical predecessors.

The rationale for using a community sample is that psy-
chotic experiences such as hallucinations appear to exist 
along a continuum—with people who never had any psy-
chosis-like experiences on the one end and people who fulfil 
all diagnostic criteria for a psychotic disorder on the other. 
Between these extreme ends, there is a large group of people 
with unusual experiences (e.g. vivid daydreams, perceptual 
sensitivity, and intrusive thoughts; Bell et al. 2010) and 
experiences below the diagnostic threshold (Johns and van 
Os 2001). These psychosis-spectrum experiences have been 
shown to predict transition to psychosis (Mark and Toulo-
poulou 2015). Furthermore, they share environmental and 
psychopathological causal factors with clinical symptoms 
(Van Os and Linscott 2012). Accordingly, it is possible to 
investigate the etiology of hallucinations based on HSE in 
community samples. In fact, community samples are advan-
tageous for research on causal factors because compared to 
clinical groups, they allow to test for etiological factors that 

contribute to an eventual onset of clinical symptoms without 
the risk of confounding etiological factors with factors that 
follow clinical symptoms (e.g. medication, stigma, decline 
in functioning).

Methods

Participants

Participants were recruited via online-advertisement on 
facebook.com (n = 34) as well as via posters and leaflets 
distributed on campus (n = 41). Psychology students were 
granted partial course credit for participating. Other partici-
pants could take part in a raffle and win one of four 25 Euro 
amazon.com gift cards. A participation in the raffle was only 
possible after completing the whole study.

A sample of 75 participants was recruited for this study 
(26 men and 49 women). The age ranged from 18 to 66 years 
(M = 25.03, SD = 8.82). The sample was a convenience sam-
ple consisting of adults from the general population. There 
were no particular eligibility criteria. All participants were 
German native speakers. Fifty-four participants (72%) pro-
vided data on their ethnic background. A majority of them 
(88.9%) reported to be German or white/Caucasian. Three 
participants (5.6%) reported to be German with Asian roots, 
one participant reported to have Arabic roots, and two par-
ticipants reported to have a mixed ethnic background. The 
majority of participants (65.3%) reported their highest edu-
cation level to be the university entrance diploma (“Abi-
tur”), 16 participants (21.3%) held a university degree, and 
8 participants (10.7%) had completed vocational training. 
Most participants (81.3%) were students (57.3% psychology 
students), and 13.3% were gainfully employed. The majority 
of participants (81.3%) reported to never have had a mental 
disorder. The other participants most frequently reported 
having been diagnosed with depression (14.7%), whereas 
others reported anxiety disorders (4%), PTSD (4%), panic 
disorders (2.7%), personality disorders (2.7%), eating dis-
orders (2.7%), OCD (1.3%), and sleeping disorders (1.3%).

Design and Procedure

This longitudinal study consisted of an introductory ques-
tionnaire and a three-week daily diary assessment. All ques-
tionnaires were presented in QuestBack EFS-Survey (Quest-
Back GmbH 2014).

The introductory questionnaire comprised information 
on the study and informed consent, self-report assessments 
of psychosis-like experiences and HSE, and a demographic 
questionnaire. Completion of the introductory questionnaire 
took the participants 25 min on average. Participants could 
complete the introductory questionnaire either at home from 
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their own computer (n = 34) or in our laboratory (n = 41). 
The first daily questionnaire was sent to the participants 
via email 24 h after they had completed the introductory 
questionnaire. The daily questionnaires included self-report 
items about HSE (nine items), social isolation (three items), 
social defeat (five items), and general mood (six items). Over 
21 consecutive days, the participants received daily emails 
containing the link to the online-questionnaire. Participants 
were instructed to complete the questionnaire on the day it 
was sent to them, preferably in the evening. If participants 
failed to complete a daily questionnaire by the end of the 
respective day, they were instructed to omit it. After com-
pleting the last daily questionnaire, all participants were 
debriefed and thanked for their participation.

Materials

Introductory Assessment

The introductory questionnaire included the Community 
Assessment of Psychic Experiences (CAPE; Schlier et al. 
2015; Stefanis et al. 2002) and the Launay-Slade Halluci-
nation Scale (LSHS-Bentall and Slade 1985), which were 
presented in the aforementioned order.

The CAPE measures the lifetime prevalence of psychosis-
like experiences. It consists of 42 items that tap into positive 
symptoms (20 items, e.g., “Do you ever hear voices when 
you are alone?”), negative symptoms (14 items, e.g., “Do 
you ever feel that you have no interest to be with other peo-
ple?”), and symptoms of depression (eight items, e.g., “Do 
you ever feel pessimistic about everything?”). Participants 
rated how often they had experienced each symptom over the 
course of their life. The items are answered on a four-point 
Likert scale (0 = “never”, 1 = “sometimes”, 2 = “often”, 
3 = “nearly always”). The CAPE and its German translation 
have been shown to be sufficiently valid and reliable (Schlier 
et al. 2015; Stefanis et al. 2002).

The LSHS-R (Bentall and Slade 1985) assesses hal-
lucination proneness in community samples. The scale 
includes twelve items. Participants answer on five-point 
Likert scales ranging from 0 = “certainly does not apply to 
me” to 4 = “certainly applies to me”. The LSHS taps into 
different aspects of hallucinatory experiences (Waters et al. 
2003), including auditory and visual hallucinations (e.g. “I 
have been troubled by hearing voices in my head.”), vivid 
daydreams (e.g. “The sounds I hear in my daydreams are 
usually clear and distinct.”) and religious hallucinations 
(e.g. “In the past I have heard the voice of God speaking 
to me.”). In the present study, a validated German version 
of the LSHS-R was used, for which good reliability (Cron-
bach’s α = 0.83–0.87) and an acceptable criterion and con-
struct validity has been shown (Lincoln et al. 2009).

Daily Assessment

The daily questionnaires included the nine-item Continuum 
of Auditory Hallucinations—State Assessment (CAHSA), 
the six-item Multidimensional Mood Questionnaire 
(MDMQ), as well as four indicators of social interactions, 
ranging from a strong indicator of social isolation to a strong 
indicator of social defeat (see Fig. 1).

The CAHSA (Schlier et al. 2017) assesses HSE and was 
specifically developed for repeated measurement. It includes 
three subclinical precursors of auditory hallucinations, 
namely vivid imagination (two items, e.g., “I daydreamed a 
lot”), perceptual sensitivity (two items, e.g., “Even distant 
noises distracted me”), intrusive thoughts (two items, e.g., 
“My thoughts were so powerful and vivid that I could almost 
hear them”), and auditory hallucinations (three items, e.g., “I 
heard something other people could not hear”). Participants 
answered the question of how much each item applied to 
them for the last 24 h on seven-point Likert-scales ranging 
from 1 = “not at all” to 7 = “very much”. The questionnaire 
shows good criterion validity and is sensitive to change. 
Previous research showed a good fit of a four-factor model 
with a second-order general factor (Schlier et al. 2017). In 
the present study, model fit was acceptable according to two 
out of three fit-indices (CFI = 0.854; RMSEA = 0038; SRMR-
within = 0.050, SRMRbetween = 0.081). The CAHSA sum score 
was used as primary outcome measure.

The MDMQ (Wilhelm and Schoebi 2007) is a six-
item questionnaire that has been shown to reliably and 
validly measure mood in everyday life. Using six-point 
bipolar scales to answer the question “over the past 
day, I felt…”, it assesses calmness (“agitated–calm”, 
“relaxed–tense”), valence (“unwell–well”, “content–dis-
content”), and energetic arousal (“full of energy–without 
energy”, “tired–awake”).

The four indicators of social interactions included two 
variables indicative of social isolation and two variables 
indicative of social defeat (see Fig. 1). The first indicator 
was “time spent alone” (two items: “Today, I have been 
alone” and “Today, I have been in company of others”, 
rated on seven-point Likert scales ranging from 1 = “not 
at all” to 7 = “all the time”). As a second “weak” indicator 
of social deafferentation (see Fig. 1) the amount of social 
interactions (one item: “How often did you talk or interact 
with one or more other people today?”, rated on seven-
point Likert scales ranging from 1 = “not at all” to 7 = “all 
the time”) was assessed. The items for these two indicators 
were developed for the purpose of this study: Initially, pro-
totype items were constructed based on the environment 
and functioning items from the computerized Ecological 
Momentary Assessment Questionnaire (EMAc; Granholm 
et al. 2007). The items and answer options were adapted 
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to a one-day sampling interval, presented to a group of 
experts and finalized based on their feedback.

As a first indicator for social defeat, we included the 
three-item group fit subscale of the Social Comparison 
Scale (Allan and Gilbert 1995) which measures social 
exclusion (i.e. the defining type of experience of the 
social defeat hypothesis; Selten et al. 2013). In this scale, 
participants rated their subjective experience of feeling 
accepted vs. excluded by their peer group on ten-point 
semantic differentials (e.g., “In relationship to others I 
feel: left out—accepted”). For this study, we translated 
the three items into German and adapted the scale to daily 
assessment by changing the instruction “In relationship to 
others I feel” to “Today, in relationship to others I felt”. 
Good internal consistency was shown in previous studies 
(Allan and Gilbert 1995). As a second “weak” indicator for 
social defeat we asked for the amount of unpleasant social 
interactions (two items: “How many of your interactions 
with others today were enjoyable?” and “How many of 
your interactions with others today were unpleasant?”). 
Participants answered on seven-point Likert scales ranging 
from 1 = “none” to 7 = “all of them”. Internal consistencies 
for the indicators are shown in Fig. 1. Mean scores were 
calculated for all indicators except the one-item measure 
“few interactions with others”. If necessary, items were 
reversed so that higher values indicate higher levels of 
social deafferentation/defeat.

Data Analysis

Based on EFS-Survey time logs, daily questionnaires were 
checked for consecutively made entries outside the daily 
assessment schedule. Any questionnaires completed imme-
diately after the previous one were treated as a missing 
value. All analyses were carried out using R 3.1.3 (R Core 
Team 2014). Multilevel models were estimated using the R 
packages lme4 (Bates et al. 2015) and lmerTest (Kuznetsova 
et al. 2016). For all analyses, we originally aimed to calcu-
late linear multilevel regression models. However, the hal-
lucination-spectrum experiences in our community sample 
showed a skewed, non-normal distribution that could have 
biased findings in linear regression (see Table 1 and online 
supplements to this article). Thus, we switched to binomial 
logistic regression analyses. For this purpose the respective 
dependent HSE variable was dichotomized, with the low 
end of the scale “1” (i.e. having not at all experienced the 
HSE in question) set to 0 and all other values (i.e. having 
experienced the HSE to some degree) set to 1.

For our main analyses, we calculated random-intercept, 
random-slope multilevel regression analyses of daily assess-
ments nested in participants. HSE (i.e., CAHSA scores) were 
the dependent variable and the independent variable was one 
out of the four social deafferentation/social defeat indicators: 
Four separate regression models were calculated for (1) time 
spent alone, (2) few social interactions, (3) social exclusion, 

Fig. 1   Conceptual proximity of 
the independent variables to the 
constructs social deafferentation 
and social defeat
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and (4) unpleasant interactions. In the first set of analyses, 
predictors from the same day (cross-sectional analyses) were 
entered. In a second set, four time-lagged regression analy-
ses were carried out to test whether changes in social fac-
tors preceded the occurrence of HSE. The respective social 
isolation/social defeat predictor from the previous day was 
the independent variable in these models and the CAHSA 
score from the previous day served as a covariate. Addition-
ally, the reverse patterns of HSE predicting social isolation 
or social defeat on the following day were tested.

Furthermore, any significant association between social 
defeat indicators and HSE was tested again while control-
ling for general mood (MDMQ-subscales), in order to rule 
out that the influence of social defeat is just a by-product 
of overall negative mood. Finally, the association between 
social isolation/social defeat and HSE was further explored 
by repeating the cross-sectional analyses with the four 
CAHSA-subscales vivid imagination, perceptual sensitivity, 
intrusive thoughts, and auditory hallucinations as dependent 
variable.

Results

Baseline Assessment and Compliance

Baseline and mean daily assessment scores are summarized 
in Table 1. All participants indicated to experience at least 
one CAPE-symptom of each subscale at least “sometimes”. 
Forty-seven participants (62.67%) indicated to experience 

at least one positive symptom “often” or “nearly always”, 
56 participants (74.67%) indicated the same for at least one 
negative symptom and 48 participants (64%) for at least one 
symptom of depression. The mean total score of the LSHS 
was 7.64 (SD = 6.65), with 34 participants (45.33%) indicat-
ing that at least one item “possibly” or “certainly” applies to 
them. Valid data was available for 1291 of 1575 days. Thus, 
the compliance rate was 81.97%. Participants omitted daily 
assessments on an average of 3.79 days (SD = 5.16; range 
0–17).

Regarding the daily assessments, all HSE variables were 
positively skewed, with the auditory hallucination subscale 
showing the most deviation from normal distribution (5.06). 
Based on the dichotomized HSE variables, the majority of 
participants experienced some degree of vivid imagination 
on at least one day (90.7%), about three quarters reported 
perceptual sensitivity (78.7%) and intrusive thoughts 
(74.7%) on one or more days, whereas 37.3% reported some 
degree of auditory hallucinations on at least one day. Fur-
ther details regarding the distribution of all independent and 
dependent variables can be found in the online-supplements 
to this article.

Cross‑Sectional Prediction of HSE by Social 
Deafferentation versus Defeat

Logistic multilevel regression models yielded neither sig-
nificant results for the two social deafferentation variables 
(time spent alone; OR 1.06, z = 0.52, p = 0.601; few inter-
actions: OR 1.16, z = 1.09, p = 0.275) nor for the amount 

Table 1   Descriptive values of 
baseline and daily assessment 
instruments

CAPE Community Assessment of Psychic Experiences, LSHS Launay-Slade Hallucination Scale, HSE hal-
lucination spectrum experiences

M SD Skew Range (min–max) Possible 
range (min–
max)

Baseline assessment
 CAPE
  Positive symptoms 7.77 4.67 1–23 0–60
  Negative symptoms 13.03 5.61 3–31 0–42
  Symptoms of depression 7.75 3.92 1–19 0–24
  LSHS total score 7.64 6.65 0–29 0–48

Daily assessments
 Time spent alone 2.78 1.62 0.79 1–7 1–7
 Few social interactions 3.14 1.37 0.36 1–7 1–7
 Social exclusion 3.23 1.77 0.73 1–10 1–10
 Unpleasant interactions 2.30 1.16 0.80 1–7 1–7
 HSE global score 1.47 0.64 1.78 1–4.67 1–7
 HSE vivid imagination 1.95 1.33 1.75 1–7 1–7
 HSE perceptual sensitivity 1.48 0.97 2.54 1–7 1–7
 HSE intrusive thoughts 1.36 0.78 2.74 1–5.5 1–7
 HSE auditory hallucination 1.10 0.39 5.06 1–4.67 1–7
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of unpleasant interactions (OR 1.04, z = 0.32, p = 0.748). 
However, social exclusion was associated with more HSE 
on the same day (OR 1.27, z = 2.10, p = 0.036, see Table 2).

Time‑Lagged and Reversed Time‑Lagged Prediction 
Models

In time-lagged logistic regression, again neither the indica-
tors of social deafferentation nor the social defeat indicator 
unpleasant interactions predicted HSE on the following day. 
However, social exclusion was significantly associated with 
the presence of HSE on the next day (OR 1.46, z = 2.37, 
p = 0.018). In comparison, reversed time-lagged models 
showed that HSE did not predict any of the social deaf-
ferentation or social defeat indicators on the next day (see 
Table 2).

The Influence of Social Deafferentation and Social 
Defeat after Controlling for Potential Covariates

The cross-sectional and time-lagged effects of social exclu-
sion on HSE remained significant when the MDMQ scales 
were entered as control-variables (cross-sectional: OR 
1.24 z = 2.75, p = 0.006; time-lagged: OR 1.20, z = 2.14, 
p = 0.032). Furthermore, all other indicators in cross-
sectional, time-lagged and reversed time-lagged analyses 
remained non-significant when mood was controlled for. 
Similarly, the pattern of results remained the same when 
gender and age of the participants were controlled for.

Exploratory Analyses of Continuum of Auditory 
Hallucinations Subscales

Separate analyses for the CAHSA-subscales vivid imagi-
nation, intrusive thoughts, perceptual sensitivity, and 
auditory hallucinations are summarized in Table 3. There 
were no significant associations between the indicators of 
social deafferentation and any of the CAHSA subscales. 

Regarding the indicators of social defeat, social exclusion 
was associated with increased vivid imagination (OR 1.18, 
z = 2.28, p = 0.023), perceptual sensitivity (OR 1.27, z = 2.44, 
p = 0.015) and intrusive thoughts (OR 1.24, z = 2.70, 
p = 0.007) in the cross-sectional analyses. Time-lagged 
analyses further showed that social exclusion was associated 
with vivid imagination (OR 1.12, z = 2.46, p = 0.014) and 
intrusive thoughts (OR 1.27, z = 2.44, p = 0.015) on the fol-
lowing day. Finally, one reversed time-lagged analysis was 
significant: vivid imagination was associated with increased 
reports of social exclusion (b = 0.31, t = 3.09, p = 0.002).

Discussion

In this study, we investigated whether social defeat and 
social deafferentation co-vary with HSE in healthy partici-
pants. We found that social defeat, but not social deafferenta-
tion was associated with self-reported HSE on the same day. 
This association was not accounted for by general mood. 
Moreover, feeling socially excluded was consistently asso-
ciated with HSE, whereas having unpleasant social interac-
tions per se was not. This is in line with the social defeat 
hypothesis (Selten and Cantor-Graae 2005; Selten et al. 
2013), which posits that experiencing social exclusion is 
more strongly related to HSE than social stress in general. 
Possibly, this result provides a framework to explain why 
social engagement (rather than social withdrawal) predicted 
hallucinatory experiences in previous ambulatory assess-
ment studies (Delespaul et al. 2002; Verdoux et al. 2003).

Moreover, the same pattern was found regarding a tempo-
ral order of social risk factors preceding an increase of HSE 
on the following day: Social exclusion was the sole signifi-
cant predictor of later HSE in the logistic regression mod-
els. This further highlights that social exclusion is the most 
promising candidate as a potential trigger of HSE. Given the 
covariation of HSE and social exclusion for this compara-
tively long time-interval of 24 h, one may speculate that the 

Table 2   Cross-sectional 
and time-lagged multilevel 
regression of hallucination 
spectrum experiences, social 
defeat indicators, and social 
deafferentation indicators

HSE hallucination spectrum experiences, OR odds ratio, B linear regression estimate
*p < 0.05

OR/B (95% confidence interval)

Cross-sectional Time-lagged

Social factors predicting 
HSE (OR)

Social factors predicting 
HSE (OR)

HSE predicting 
social factors (B)

Social deafferentation
 Time spent alone 1.06 (0.87; 1.29) 1.22 (0.99; 1.49) 0.11 (−0.11, 0.33)
 Few social interactions 1.16 (0.89; 1.50) 1.15 (0.93; 1.42) 0.03 (−0.16; 0.22)

Social defeat
 Social exclusion 1.27* (1.02; 1.59) 1.46* (1.06; 1.88) 0.03 (−0.16; 0.23)
 Unpleasant interactions 1.04 (0.82; 1.31) 1.03 (0.79; 1.35) −0.05 (−0.24; 0.14)
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cause-and-effect relationship between social exclusion and 
subsequent HSE may be even more pronounced over a nar-
row time-interval. Time-lagged associations between days 
may already be subject to further moderating variables.

Regarding social deafferentation, time-lagged analyses 
indicated no significant associations with HSE at all. We 
need to take into account, however, that we approximated 
isolation with the relative time spent alone and few social 
interactions. The social deafferentation hypothesis proposes 
that extreme forms of social isolation trigger hallucinatory 
experiences. Possibly, social isolation needs to reach a criti-
cal threshold before it contributes to HSE, with only severe 
forms of social isolation that include sensory deprivation 
triggering HSE. Another possibility is that the critical 
threshold for social isolation depends on a person’s nega-
tive appraisal of the situation in the sense that only unwanted 
social isolation triggers HSE.

Finally, analyses of the CAHSA subscales revealed that 
the social defeat indicators were primarily associated with 
subclinical hallucination-like experiences such as intrusive 
thoughts and perceptual sensitivity. Hallucinations consti-
tuted a comparatively scarce phenomenon in our community 
sample. From a methodological point of view, one could 
thus argue that the variation in auditory hallucination scores 
was too small to detect any associations. However, one could 
also interpret that these findings are in line with the social 
defeat hypothesis: Present exposure to social exclusion has a 
base effect (i.e. triggering subclinical, unusual experiences), 
which is short-lived in healthy people. Possibly, the very 

same experience leads to more severe HSE or clinical audi-
tory hallucinations in a person with a history of recurring 
social defeat that lead to a sensitization of the mesolimbic 
system (Selten et al. 2013). Moreover, although vivid imagi-
nation, perceptual sensitivity, and intrusive thoughts have 
been frequently associated with hallucinations as subclini-
cal variations (Bell et al. 2010; Larøi et al. 2004; Waters 
et al. 2003), distractibility and intrusive thoughts have also 
been referred to as facets of a cognitive-attentional factor 
that is predictive of psychosis symptoms in general (e.g., 
Brett et al. 2007). Thus, the results pertaining to the sub-
clinical factors are relevant to psychosis. However, further 
research is needed to explore the specificity with respect to 
hallucinations.

In sum, we found initial evidence for an association 
between daily variation in subclinical HSE and concur-
ring as well as preceding experiences of social exclusion. 
However, no direct evidence extending to full-blown audi-
tory hallucinations was found. While these findings do not 
confirm the hypothesis that an experience of social defeat 
triggers hallucinations in people with psychotic disorders 
or people at risk, they warrant further tests in more suitable 
samples.

Implications for Research and Clinical Practice

In order to directly test the hypothesis that episodes of social 
defeat trigger hallucinations, future studies could investi-
gate a social-defeat vulnerability-stress model by comparing 

Table 3   Associations between hallucination spectrum experiences subscales and indicators of social deafferentation and social defeat

OR odds ratio based on logistic multilevel regression, B estimate based on linear multilevel regression
*p < 0.05, **p < 0.01

Social contact variable Analysis type Hallucination spectrum experiences subscale

Vivid imagination Perceptual 
sensitivity

Intrusive thoughts Auditory 
hallucina-
tions

Social deafferentation
 Time spent alone Cross-sectional (OR) 1.07 1.00 0.90 0.69

Time-lagged (OR) 1.04 1.09 0.85 1.20
Rev. time-lagged (B) 0.19 −0.03 −0.04 −0.04

 Few social interactions Cross-sectional (OR) 1.08 1.05 0.87 0.70
Time-lagged (OR) 1.04 1.08 0.95 0.75
Rev. time-lagged (B) 0.04 0.04 0.18 0.18

Social defeat
 Social exclusion Cross-sectional (OR) 1.18* 1.27* 1.24** 0.99

Time-lagged (OR) 1.21* 0.95 1.27* 1.07
Rev. time-lagged (B) 0.31** 0.02 0.05 0.05

 Unpleasant interactions Cross-sectional (OR) 0.97 1.15 0.96 1.01
Time-lagged (OR) 1.05 0.86 1.17 1.28
Rev. time-lagged (B) 0.01 −0.01 0.01 0.20
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the response to momentary experiences of social defeat in 
people with low risk vs. high risk of experiencing repeated 
social defeat (e.g., non-migrants vs. first and second gen-
eration migrants; Egerton et al. 2017) or for developing 
psychosis (e.g., first-degree relatives of people with psy-
chosis). Furthermore, to further corroborate the assump-
tion that social defeat triggers HSE, ambulatory assessment 
studies with multiple assessments per day would be helpful. 
Specifically, we need to assess the fleeting experience of a 
hallucination when it occurs and test for correlations with 
immediately preceding social experiences.

Irrespective of whether feelings of social defeat ulti-
mately trigger HSE or coincide with them, their association 
has practical implications: People with more frequent HSE 
experience distressing social exclusion more frequently, 
which is known to lead to reduced well-being and a lower 
level of functioning (Björkqvist 2001). Possibly, interven-
tions that focus on functional ways of relating to others meet 
a specific need of people with frequent HSE. For example, 
psychosis-specific cognitive-behavioral therapy based on 
social rank theory (Birchwood et al. 2002; Trower et al. 
2004) or focused on relating assertively to others (Hayward 
et al. 2009) could be adapted to reduce the impact of social 
defeat in people with HSE. If future studies continue to find 
a consistent link between social defeat and HSE, such pre-
vention strategies may prove to reduce the burden of HSE 
and prevent the transition to psychosis.

Limitations

It has to be noted that the sample is an ad-hoc community 
sample and no prescreening criteria were used. Although 
our study seems to adequately capture early stages in which 
social defeat co-varies and potentially triggers subclinical 
precursors of hallucinations, a community sample may not 
suffice to reliably estimate the relationship of social factors 
and auditory hallucinations. Moreover, the analyses com-
prise a large number of significance tests. This is no limi-
tation for the effect of social exclusion on HSE, which is 
found consistently in all variations of the analyses. However, 
isolated effects (e.g., vivid imagination being the only HSE-
factor preceding social exclusion) with a comparatively large 
exact p value need to be treated carefully. We cannot rule 
out that these latter effects are false positives due to multi-
ple comparisons. Finally, this study focused on one type of 
psychotic experiences, whereas the social defeat and social 
deafferentation hypotheses are used to explain psychotic 
experiences in general (Hoffman 2007; Selten et al. 2013). 
We limited our research to HSE to keep the daily assess-
ments brief and to minimize the content overlap between 
independent and dependent variables (e.g. paranoid thoughts 
and feeling socially excluded, negative symptoms and social 
isolation). Needless to say, further research focusing on the 

social defeat and the social deafferentation hypotheses has 
to extend the focus to other symptom categories in order to 
comprehensively test their validity.

Conclusion

In sum, this study shows that short-term variation in HSE 
is associated with experiences of social defeat. Whereas 
previous epidemiological studies provided evidence for the 
long-term effect of repeatedly experiencing social defeat, we 
were able to show covariation of experiencing social defeat 
and subclinical hallucination spectrum experiences over the 
course of days. This opens the door for future ambulatory 
assessment and ambulatory intervention studies targeting 
negative social interactions and social exclusion.
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