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Social connection is robustly associated with physical and mental health. So important is social connection that it
features prominently in several etiological theories of serious psychopathology. Most notably, the social deaf-
ferentation hypothesis of schizophrenia posits that social anhedonia (SA) and isolation cause neural changes that
produce psychosis. Here, we test several tenants of this theory by examining the relation between SA, psychotic-

like experiences (PLE), and social networks. We find that SA and PLE are related to social networks, and that the
relation between SA and PLE can be explained, in part, by the impact of SA on social networks.

1. Introduction

Social connectedness carries profound consequences for our mental
and physical health (Holt-Lunstad et al., 2015; Kawachi, 2001;
Yang et al., 2016). So consequential is our extent of social connection
that a lack thereof has been proposed as an etiological factor in the
development of psychopathology. Most notably, Hoffman (2007) de-
scribes a social deafferentation hypothesis of schizophrenia akin to neu-
rological syndromes involving the loss of sensory input, and subsequent
cortical reorganization that produces aberrant sensory experiences
(e.g., phantom limb). According to this hypothesis, predisposing factors
for social withdrawal, such as social anhedonia (SA), lead to social
isolation and a loss of social input, which curtails information to the
social brain. Neural changes occur as a result, causing the brain to
endogenously produce aberrant experiences and cognitions with social
meaning (i.e., psychotic experiences). Beyond neural changes, social
isolation may foster psychotic experiences by removing a buffer from
stress (Nuechterlein and Dawson, 1984) and a source for reality-testing
(Garety et al., 2001). Whatever the mechanism, a key factor in this
model is a characteristic or experience (e.g., SA) that leads to dimin-
ished social networks.

Support for the social deafferentation hypothesis comes from sev-
eral lines of work. People with psychotic disorders and psychotic-like
experiences (PLE) have smaller social networks (Gayer-Anderson and
Morgan, 2013) and fewer social interactions (Granholm et al., 2019).
Moreover, SA and accompanying withdrawal and isolation often

precede and predict the onset of psychotic disorders (Gooding et al.,
2005; Kwapil, 1998; Matheson et al., 2013; Tarbox and Pogue-
Geile, 2008; Velthorst and Meijer, 2012; Wiles et al., 2006), proving
themselves to be robust risk factors. Finally, among those diagnosed
with a psychotic disorder, psychotic symptoms are more likely to occur
when one is alone (Myin-Germeys et al., 2001).

If loss of social connectedness, by way of SA, contributes to PLE, it
would bolster characterizations of social withdrawal and isolation as a
public health crisis and calls for improving social connection as a public
health priority (Holt-Lunstad et al., 2017). Thus, here, we evaluate the
relations between SA, PLE, and social networks in a large international
sample from the general population assuming a continuous, dose-re-
sponse relation between these factors (van Os et al., 2009). Further, we
conduct a formal test of a major component of the social deaf-
ferentation hypothesis by evaluating whether SA impacts PLE through
its effect on social networks.

2. Methods
2.1. Participants

Participants were an international sample of 2512 individuals who
visited TestMyBrain.org. Inclusion criteria were 18-65 years of age and
fluent/native English-speaking. Participants were on average in their
early 30s (M = 33.4 + 13.1), predominantly female (59.2%), White
(68.7%), and from the United States (51.5%). Consent and study
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procedures were reviewed by the Harvard Committee for the Use of
Humans Subjects.

2.2. Measures

Participants completed three self-report measures: the Social
Network Index (SNI; Cohen, 1997), the short form of the Revised Social
Anhedonia Scale (RSAS; Winterstein et al., 2011), and the Prodromal
Questionnaire—Brief (PQB; Loewy et al., 2011). We selected these
measures because they are widely used in their respective fields, and
exhibit adequate psychometric properties (e.g., Loewy et al., 2011;
Winterstein et al., 2011). Critically, elevated scores on the RSAS and
PQB are associated with increased risk for psychosis-risk syndromes and
psychotic-spectrum disorders (e.g., Kwapil, 1998; Savill et al., 2018).
The SNI assesses engagement in 12 different relationships from which
three social network metrics are derived: number of people in one's
social network (number of people), number of high-contact social roles in
which the participant has regular contact (network diversity), and the
number of social domains in which the participant is highly active (i.e.,
has at least 4 high-contact people in a given domain; embedded net-
works). The RSAS is a 15-item true/false questionnaire that assesses
social amotivation and lack of social pleasure (a = =0.83). The PQB is
a 21-item questionnaire that assesses the frequency and associated
distress of 21 positive symptoms of psychotic disorders. Participants
who endorse an item on the frequency scale (a = =0.87) are asked a
follow-up question about distress using a 5-point Likert scale (strongly
disagree—scored 1—to strongly agree—scored 5; « = =0.93).

2.3. Analysis

Data were analyzed in R (R Core Team, 2018). We performed a 5%
Winsorization of the three SNI metrics and PQB-Distress scores after
identifying outlying scores (>3 SD+ M) on these measures. Pearson r
correlations are accompanied by 95% bias-corrected-and-accelerated
(BCa) CIs generated from 10,000 bootstrap samples with the package
boot (Canty and Ripley, 2017; Davison and Hinkley, 1997). Correlations
are interpreted using the guidelines described in Gignac and
Szodorai (2016). We used the package psych (Revelle, 2018) to conduct
a multiple mediation analysis evaluating the effect of social anhedonia
on psychotic-like experiences (separately for frequency and distress)
through the three SNI metrics; that is, the indirect effect of RSAS on
PQB through SNI-Number of People, SNI-Embedded Networks, and SNI-
Network Diversity. We provide a bootstrapped estimate of the total
indirect effect and specific indirect effects (RSAS—SNI—-PQB) along
with 95% BCa CIs derived from 10,000 bootstrap samples
(Preacher and Hayes, 2008). As recommended by others (Miocevic¢
et al., 2018), we report fully standardized estimates which can be in-
terpreted as the SDs change in PQB for every 1 SD increase in RSAS
indirectly through SNI.

3. Results
First, we examined the relation between SA, PLE, and social

Table 1
Descriptive statistics and measure correlations.
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networks (Table 1). The associations between SA and the social network
metrics were large and similar across the SNI metrics. These correla-
tions were larger than those observed for PLE and the social network
metrics, which were relatively small, similar between the three social
network metrics, and slightly higher for frequency versus distress. Thus,
both SA and PLE are related to one's social network such that greater SA
and PLE are associated with smaller and less diverse social networks,
and fewer highly active social domains.

Next, we used mediation analysis to evaluate the hypothesis that,
consistent with the social deafferentation hypothesis, SA would impact
PLE through its deleterious impact on social networks. In line with this
idea, for both frequency and distress, the bootstrapped CI of the total
indirect effect did not contain zero indicating that social networks
mediated the association between SA and PLE, with the mediation ef-
fect being slightly larger for frequency (Fig. 1). Examination of the
specific indirect effects revealed that for frequency, only network di-
versity was a mediator; for distress, none of the individual indirect ef-
fects were different from zero.

4. Discussion

Here, we find that SA and PLE are related to smaller, less diverse,
and less embedded social networks. These findings converge with those
from other studies evaluating patient, at-risk, and healthy samples
(Horan et al., 2006; Robustelli et al., 2017; Velthorst and Meijer, 2012).
Further, in support of the social deafferentation hypothesis, we find that
the relation between SA and PLE can be explained, in part, by the im-
pact of SA on social networks. Interestingly, for at least the frequency of
PLE, this effect was largely driven by network diversity; that is, the
number of different social roles in which the participant has regular
social contact. This finding converges with a number of brain imaging
studies suggesting that network diversity—as opposed to the number of
people in one's network—may be particularly important for the struc-
tural and functional development of the social brain (Dziura and
Thompson, 2014; Molesworth et al., 2015). Thus, the diversity of social
roles one plays in their social network may be a better proxy for social
support, social connectedness, or other factors that might protect
against neural changes and concomitant PLE.

Beyond the inherent limitations of performing mediation analyses
with cross-sectional data (Maxwell and Cole, 2007), we note that these
data cannot be taken to demonstrate causal relations among the vari-
ables, including the hypothesized direction of causation (i.e., SA—so-
cial networks—PLE). Indeed, other research suggests reverse causation
such that psychotic symptoms precipitate a social “network crisis”
(Lipton et al., 1981) possibly by way of odd/eccentric behavior, para-
noia, or social skills deficits that ultimately serve to isolate an in-
dividual. Conversely, other studies suggest that disturbed social net-
works and social withdrawal predate the onset of psychotic symptoms
(Gayer-Anderson and Morgan, 2013; Gooding et al., 2005;
Kwapil, 1998; Matheson et al., 2013; Tarbox and Pogue-Geile, 2008;
Wiles et al., 2006). Of course, causation may be a dynamic, reciprocal
process operating in both directions, such that social withdrawal con-
tributes to the onset of symptoms, and the onset of symptoms (odd/

M SD Min-Max  Pearson r [95% CI]*
2. 3. 4. 5. 6.

1. SNI-Network Diversity 4.6 2.0 0-12 .77 [.75, 0.78] .69 [.67, —0.71] —0.18 [-0.22, —0.14] —0.14 [-0.18, —0.11] —0.35 [-0.39, —0.32]
2. SNI-Number of People 15.0 8.4 2-37 .89 [.88, —0.89] —0.18 [-0.22, —0.15] —0.15 [-0.19, —0.11] —0.38 [-0.41, —0.35]
3. SNI-Embedded Networks 1.6 1.2 0-5 -0.17 [-0.21, —0.13] —0.12 [-0.16, —0.08] —0.37 [-0.40, —0.34]
4. PQB-Frequency 7.6 5.1 0-21 .78 [.76, 0.80] .31 [.27, 0.34]

5. PQB-Distress 29.3 224 0-75 .27 [.23, 0.30]

6. RSAS 5.3 3.8 0-15

* All correlations p < .0001.
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A Network Diversity
.022[.001, .043]

Number of People
.014 [-.021, .050]

Embedded Networks
-.002 [-.031, .028]

Total Social Network
Social Anhedonia Index
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Fig. 1. Results of the multiple mediation analysis. Values re-
present fully standardized point estimates of the indirect effect
and their bias-corrected-and-accelerated 95% CIs derived
from 10,000 bootstrap samples. The top panel (A) depicts the
results  for  psychotic-like  experiences  (Prodromal
Questionnaire—Brief) frequency; the bottom panel (B) depicts
the results for psychotic-like experiences distress.

034,017, .051]

Network Diversity
.015 [-.007, .037]

Number of People
.031 [-.005, .067]

Embedded Networks
-.025 [-.055, .005]

Total Social Network

Psychotic-Like
Experiences
(Frequency)

Social Anhedonia

Index
.021 [.005, .039]

eccentric behavior, paranoia, poor social skills) further negatively im-
pacts social networks. The present findings cannot adjudicate between
these possibilities; longitudinal data are needed. We also note that just
under half of the participants (49.5%) were within the peak age range
of risk for psychotic disorders (i.e., 29 years of age or younger; van der
Werf et al., 2014) meaning that the majority of our participants would
not be expected to develop a psychotic disorder. This also means that
the interplay of SA, social networks, and PLE is still detectable in a non-
high-risk, general population sample. Finally, the mediation effect was
extremely small suggesting that processes related to PLE, but not ex-
plicitly tested here (e.g., social defeat; Selten et al., 2013) may be at
work or that aspects of our study sample (e.g., a non-high-risk, general
population sample) may have attenuated the relations among these
variables.

Notwithstanding these considerations, the data from the current
study add to a growing body of literature demonstrating the importance
of social networks for psychological health. Together, these findings
suggest that social isolation, and factors that contribute to social iso-
lation, whether through deliberate social withdrawal as in SA or
through exclusion and social defeat (e.g., Selten et al., 2013) should be
a public health priority (Holt-Lunstad et al., 2017).
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