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Background: Since humans are social animals, social relations are incredibly important.
However, in cases of contagious diseases such as the flu, social contacts also pose
a health risk. According to prominent health behavior change theories, perceiving
a risk for one’s health motivates precautionary behaviors. The “behavioral immune
system” approach suggests that social distancing might be triggered as a precautionary,
evolutionarily learned behavior to prevent transmitting contagious diseases through
social contact. This study examines the link between personal risk perception for an
infectious disease and precautionary behavior for disease-prevention in the context of
social relationships.

Methods: At 2-week intervals during the first semester, 100 Psychology freshmen
indicated their flu risk perception, whether they had been ill during the previous week,
and their friendships within their freshmen network for eight time points.

Results: Social network analysis revealed that participants who reported a high flu risk
perception listed fewer friends (B = —0.10, OR = 0.91, p = 0.026), and were more likely
to beill at the next measuring point (B = 0.26, OR = 1.30, p = 0.005). Incoming friendship
nominations increased the likelihood of illness (B = 0.14, OR = 1.15, p = 0.008), while
the reduced number of friendship nominations only marginally decreased this likelihood
(B =-0.07,OR =0.93, p = 0.052).

Conclusion: In accordance with the concept of a “behavioral immune system,”
participants with high flu risk perception displayed a social precautionary distancing even
when in an environment, in which the behavior was ineffective to prevent an iliness.

Keywords: risk perception, social network, contagious disease, flu, behavioral immune system

INTRODUCTION

In the context of health and illness, social relationships are generally regarded as protective factors
with positive effects on morbidity and even mortality (Uchino et al., 1996; Eng et al., 2002; Falagas
et al., 2007; Nausheen et al., 2009; Hawkley and Cacioppo, 2010; Pinquart and Duberstein, 2010;
Adams et al., 2015). For example, a meta-analytical review determining the extent to which social
relationships influence the risk of mortality revealed a 50% increase in the survival likelihood of
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individuals with close social relationships, an effect size
comparable to some more classic protective factors (Holt-
Lunstad et al., 2010). However, in the context of contagious or
infectious diseases such as HIV, tuberculosis, influenza, or the
common cold, social contact also poses a risk to our health, since
contagious pathogens can easily spread through social contact
(Anderson and May, 1992). For example, people who are simply
more sociable, and are therefore likely to come into contact with
a greater number of people, are more susceptible to infectious
disease transmission (Nettle, 2005; Murray and Schaller, 2016).

In contrast to other major diseases such as cardiovascular
diseases, social contact may thus be perceived as a risk factor
for contagious diseases such as the flu. Since perceiving a risk
for one’s health motivates preventive behaviors (Leventhal, 1970;
Rogers, 1975, 1983; Schwarzer, 1992, 2004, 2008; Witte, 1992;
Sheeran et al., 2013), people might also be motivated to avoid
pathogen carriers or potentially infectious social contacts in
order to reduce their likelihood of being exposed to infectious
pathogens (Mortensen et al, 2010; Barth et al., 2013; Sawada
et al, 2018; Schmilzle et al, 2019). Supporting this notion,
experimental studies have shown that people prefer to avoid
those who they suspect to be carrying pathogens, as well as
people who actually have a disease (Crandall and Moriarty, 1995;
Park et al., 2003).

This reasoning accords with the concept of the “behavioral
immune system” (Schaller et al., 2010; Neuberg et al., 2011;
Schaller and Park, 2011; Murray and Schaller, 2016), which
proposes that we are evolutionarily trained to be sensitive to
social cues of infectious pathogens in other people (Schaller
et al., 2010; Schaller and Park, 2011). Compared to biological
immune systems (ie., immunological defenses), which are
invaluable at detecting and fighting pathogens post-infection
within the body, the behavioral immune system has namely
the unique adaptive value to proactively defend against
infectious pathogens in the immediate environment before they
can enter the body, avoiding the need for an energetically
expensive physiological immune response (Mortensen et al,
2010; Murray and Schaller, 2016). Still, distancing in everyday
life has not yet been observed and models that characterize
changes in social contacts over time (Ripley et al, 2015;
Giese et al., 2020) can provide novel insights into how the
behavioral immune system impacts people’s everyday social life.
Furthermore, this method allows further to scrutinize how
effective this strategy is at avoiding actual contraction in a non-
pandemic setting.

The present study combines the assumption that personal
risk perception motivates precautionary behaviors, as proposed
by common health behavior theories, with the idea of the
specifically learned preventive social distancing derived from the
behavioral immune system conception to explore how personal
risk perception for a contagious disease is linked to illness-
prevention behavior within the context of social relationships.
Social network analysis was used within a newly-evolving
social network to examine precautionary social distancing in
the context of the flu. The present study aims to investigate
(1) whether personal flu risk perception is associated with
changes in social distancing in a social network, and (2)

how flu risk perception and the social network are associated
with changes in a person’s illness status. In line with the
notion of a behavioral immune system and health behavior
theories, we would expect social distancing of people with
higher risk perceptions, social distancing of ill individuals,
and an increased likelihood of illness when being more
socially exposed.

MATERIALS AND METHODS

Participants and Procedure

On October 21st 2014, a total of 117 people attending an
introductory psychology class at the University of Konstanz were
invited to take part in a social network study, and were informed
about the study procedure. Of these, 113 ultimately registered as
psychology freshmen and were eligible for participation. Over the
course of the next 2 weeks, 100 freshmen consented to participate
and were included in the study. There was no information on the
13 individuals deciding not to take part.

The present data was collected as part of the Social Network
Study (SozNet), a larger research project on the antecedents
and consequences of network formation and consolidation in
a freshmen sample. Only the measures used in the present
study will be described here. There is a detailed data description
of the same dataset concerning perceived and actual alcohol
consumption (Giese et al., 2019), and exposure effects (Giese
et al, 2020) while previous cohorts of psychology freshmen
networks are also presented elsewhere (Hartung and Renner,
2013, 2014; Giese et al., 2017).

In the last week of October, the participants indicated their
age (M = 21.06; SD = 5.42) and gender (79% female) in a
baseline questionnaire. Starting in the first week of November,
and continuing until the third week of February, they provided
biweekly information about their flu risk perception, whether
or not they had been ill in the previous week, and their
friendship nominations within the network of participating
freshmen (as a proxy of social distancing). Invitations to
complete the next questionnaire were sent out via email on
Mondays. Completion was possible until Friday of the same
week. All 100 consenting participants filled in the baseline
questionnaire. Over the course of the semester, 762 out of
800 possible entries were given in a total of 8 questionnaires
(4.75% attrition, see also Table 1). Participants who missed
one questionnaire often still took part in later assessment
periods and were too few for systematic drop-out analyses.
Ethical approval was granted by the University of Konstanz
ethical review board.

Measures

Personal Flu Risk Perception

To assess personal flu risk perception, the participants estimated
their own absolute risk of coming down with flu in the course
of the semester (“How likely is it that you will come down
with flu in the course of the present semester?”) on a 5-point
Likert scale ranging from 1 “not very likely” to 5 “very likely”
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TABLE 1 | Descriptive statistics.

Time point Participants Risk perception lliness Friends nominated Jaccard index
n M SD (in %) M
1 99 2.93 1.18 40.4 3.91
2 97 3.03 1.19 28.9 4.33 0.664
3 99 2.93 1.19 33.3 4.43 0.706
4 94 2.78 1.18 19.1 4.62 0.697
5 93 2.59 117 30.1 4.83 0.769
6 95 2.55 1.07 35.8 4.87 0.712
7 96 2.48 1.13 29.2 517 0.743
8 89 2.09 1.14 32.6 4.72 0.757
Overall 100 2.67 1.19 31.2 4.61

Notes The Jaccard index is an index of friendship nomination stability between the given and previous time points, and is calculated by dividing the number of maintained
nominations by the sum of all created, lost and maintained friendships. Thus, the friendships in the network were relatively stable.

(Perloff and Fetzer, 1986; Renner and Reuter, 2012; Gamp et al.,
2018). This measure was assessed at each time point.

Self-Reported lliness Status

To measure illness, the participants were asked each time point
to indicate the number of days they had been ill in the previous
week (“In the past week, how many days were you ill?”). Response
alternatives ranged from 0 to 7 days. A binary illness status
measure was computed from this item as required by the analysis
method (Ripley et al., 2015): participants were categorized as
having been ill if they reported at least 1 day of illness. If no
ill days were indicated, illness status was categorized as “not
ill” (Hartung and Renner, 2014). This measure pertained to any
kind of illness.

Social Distancing Behavior

Each time point, every participant was provided with a
list of the names and photos of all the other participants
who had agreed to take part in the study. By referring to
the list, the participants identified all the people they were
befriended with (which was defined as feeling comfortable
with and emotionally close to somebody, and being able to
talk about personal issues or ask for help). All indications
that were logically impossible were recoded as missing (e.g.,
if someone was indicated as being both a friend and
as someone they did not like). The number of outgoing
nominations was considered an indicator of proactive social
distancing, while being able to control for effects of incoming
nominations, which could be considered social avoidance
by others.

Analysis Strategy

In accordance with the notion of the behavioral immune
system, the study explored (1) whether personal flu risk
perception and illness status predict changes in friendship
nomination behavior, and (2) how flu risk perception and
the social network predict changes in a person’s illness status.
To achieve these aims, a longitudinal social network model
(RSiena, version 1.1-290; Ripley et al., 2015) was applied. This
model uses the rate of chances to change for each individual

between two adjacent time points and the current network
structure, flu risk perception, and illness status to predict
how likely a person is to change their friendship nominations
and illness status. By simulating each change in status and
friendship network, this analysis model can simultaneously
predict changes in friendships as well as changes in illness
status given the current friendship network, illness status, and
risk perceptions. All estimates not pertaining to rates can be
interpreted similarly to logistic regression estimates. The missing
values (1-11% per time point) can be easily dealt with by
the model (Ripley et al., 2015), which assumes no change for
any missing value. While the RSiena model does not provide
good power estimates, both the obtained group sample size
and the number of observations compare well to simulations
and indicate sufficient power to detect typical network effects
(Stadtfeld et al., 2018).

Three core effects predicting friendship nominations are
particularly relevant to our research questions (see also Table 2).
(1) Activity effects describe the change in likelihood that an
individual (ego) will choose to nominate another friend, given
the current risk perception or illness status. (2) Popularity effects
describe how much a change of one unit in risk perception
or illness status at that moment changes the likelihood that
an individual will be nominated by another individual (alter).
(3) The interactions of activity and popularity effect estimate
how similarity in risk perception or illness status changes the
likelihood of a friendship nomination.

Three additional effects are important for predicting changes
in illness-status: (1) The average number of friends who are
currently ill is a measure of contagion among friends, while (2)
flu risk perception effects test whether a higher risk perception
increases the likelihood of becoming ill. Finally, (3) in-degree and
out-degree effects describe an individual’s likelihood of becoming
ill depending on the number of people in the network he or she
has nominated (out-degree) or how often that individual was
nominated by others (in-degree).

Along with these six effects that are relevant for investigating
the two research questions, the longitudinal social network model
also includes effects that describe the structure of the network.
This allowed us to control for the effects of previous friendships
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TABLE 2 | RSiena model predicting changes in friendships and illness status.

Prediction of changes in friendships

Name Estimate SE OR z-value p-value
Structural effects

Rate of decisions (Period 1) 2.96 0.33

Rate of decisions (Period 2) 2.39 0.25

Rate of decisions (Period 3) 2.69 0.30

Rate of decisions (Period 4) 1.79 0.21

Rate of decisions (Period 5) 2.54 0.29

Rate of decisions (Period 6) 2.27 0.24

Rate of decisions (Period 7) 1.98 0.23

Out-degree (Density) —2.75 0.13 0.06 —-21.19 < 0.001
Reciprocity 3.06 0.13 21.42 23.09 < 0.001
Transitive triplets 0.57 0.04 1.77 14.62 < 0.001
3-cycles —-0.25 0.08 0.78 —-3.29 0.001
In-degree popularity 0.06 0.02 1.06 3.27 0.001
Qut-degree popularity —-0.19 0.02 0.83 —9.62 < 0.001
Out-degree activity 0.02 0.01 1.02 3.18 0.001
Research questions

liness popularity —0.08 0.20 0.92 -0.39 0.695
liness activity 0.37 0.24 1.44 1.50 0.133
liness popularity x activity 0.89 0.63 2.43 1.41 0.158
Flu risk perception popularity 0.02 0.03 1.02 0.67 0.502
Flu risk perception activity —0.10 0.04 0.91 —2.22 0.026
Flu risk perception popularity x activity —0.04 0.03 0.96 —1.50 0.134
Prediction of changes in illness

Name Estimate SE OR z-value p-value
Structural effects

Rate of chances to change (Period 1) 416 4.39

Rate of chances to change (Period 2) 1.37 0.49

Rate of chances to change (Period 3) 1.68 0.65

Rate of chances to change (Period 4) 1.93 1.00

Rate of chances to change (Period 5) 1.62 0.51

Rate of chances to change (Period 6) 2.13 0.87

Rate of chances to change (Period 7) 1.18 0.36

liness —-1.23 0.24 0.29 —5.11 < 0.001
Research questions

Proportion of ill friends 0.14 0.71 1.15 0.20 0.839
Flu risk perception 0.26 0.09 1.30 2.82 0.005
Out-degree —0.07 0.04 0.93 —1.95 0.052
In-degree 0.14 0.05 1.15 2.63 0.008

QOut-degree refers to the effects of the number of friends a person nominated as a predictor, in-degree refers to the same role for the number of received friendship
nominations. The variables reciprocity, transitive triplets, and 3-cycle all structurally control for increased likelihood to nominate a friend back (reciprocity), or to nominate
friend’s friends (both 3-cycle and transitive triplets). For predicting friendship network dynamics, activity effects refer to how the named predictor increases the likelihood
of nominating someone, while the popularity effects describe how the variable increases the likelihood of receiving a nomination. The interaction activity x popularity tests
how similarity in the predictor changes the likelihood of nomination. The structural effects are basic effects recommended by the developers of the modeling approach
(Ripley et al., 2015) and control how the mere structure of the network (or the behavior) will influence changes in friendships and illness status. As such, for instance, the
illness status effects controls for autoregression (namely that the likelihood of an iliness at the next measurement decreases, when currently ill).

on subsequent friendship developments and general friendship
nomination dynamics (Ripley et al., 2015). Hence, while these
structural effects are not directly related to the present research
questions, they facilitate the interpretation of the six core effects.
We also explored the stability of the results by testing for the

time differences of all effects via x > difference tests across all time
points. All significant time differences in the full model predicting
both changes in the friendship network and illness status were
modeled via dummy coding to check for pattern changes across
time (Lospinoso et al., 2011).
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RESULTS

Descriptive and Model Statistics

Table 1 provides descriptive statistics for all eight time points.
Overall, flu risk perceptions were at a medium level (M = 2.67;
SD = 1.19). Moreover, on average most participants rated
themselves as being healthy (69%), while about one third stated
that they were ill (31%). The average number of people the
participants nominated as friends tended to increase from the
start to the end of the study (M = 4.61). The presented
social network model converged well, according to the fit
criteria (MaXconvergence ratio = 0.1297, all |tc0nvergence| < 0.047;
Ripley et al., 2015).

Main Analyses

Table 2 shows both structural effects and effects of interest
on the likelihood of friendship nominations and illness
status change'. There are three effects of both flu risk
perception and illness status that test their effects on the
development of friendship nominations: activity effects test
how much risk perception/illness status increases the likelihood
of a person nominating another person, popularity effects
test whether a person is more likely to be nominated by
others given their risk perception/illness status, and the
interaction of the two tests whether nominations are more likely
among similar others.

Of these effects, only flu risk perception activity was found
to have a significant relationship with friendship nomination
(B = —0.10, OR = 091, p = 0.026): the likelihood of
nominating someone as a friend decreased as ones flu risk
perception was increased. Conversely, friendship nominations
were not significantly predicted by flu risk perception popularity
(i.e,, risk perception did not have an effect on receiving
nominations; B = 0.02, OR = 1.02, p = 0.502), the similarity of
participants’ risk perception (popularity x activity; B = —0.04,
OR = 096, p = 0.134), or any illness status effects (all
p>0.133).

For predicting illness status, tests that evaluate whether
the likelihood of becoming ill is increased by (1) the average
illness status of all nominated friends (contagion), (2) the
initial risk perception in this period, and (3) the number of
incoming and outgoing friendship nominations (in-degree/out-
degree) are particularly interesting. Analysis of these effects
revealed no evidence for a contagion effect among friends

IStructural effects describe the effects of the network and behavior, respectively.
They can be interpreted as follows: The rate effects describe how often an
individual gets a chance to change nominations or behavior within the given
2-week period. Concerning friendship nominations, individuals were rather
more likely not to nominate than to nominate a friend (out-degree). Similarly,
people were more likely to nominate others that were already nominating them
(reciprocity). Moreover, students were more likely to nominate peers nominated
by another friend of that student (transitive triplets), but less likely to nominate
peers that nominated a person already nominating the student (3-cycle). Both
effects in combination indicate a local hierarchy in the network. Additionally,
for each nomination given, it became less likely to receive a nomination (out-
degree popularity), but more likely to give another one (out-degree activity). For
each nomination received, it became more likely to receive another nomination
(in-degree popularity). Concerning the behavior, individuals were more likely to
change their illness status than to remain unchanged (illness).

(B = 0.14, OR = 1.15, p = 0.839): the proportion of friends
being ill at any one moment did not change the likelihood
of getting ill. However, people with a higher risk perception
were more likely to become ill (B = 0.26, OR = 1.30,
p = 0.005). Outgoing nominations marginally decreased the
risk of becoming ill (B = —0.07, OR = 0.93, p = 0.052),
while incoming nominations increased the risk significantly
(B = 0.14, OR = 115, p = 0.008). Thus, it was more
likely for students to become ill if many people nominated
them as friends.

Control Analysis: Stability of Effects

Across Time Points

The effects described above are averaged across all time periods.
The following control analyses tested the temporal stability of the
results for all periods. While there were some time differences
in the overall effects [x2(108) = 301.00; p < 0.0001], after
accounting for temporal differences in all structural effects and
the effects of flu risk activity and popularity on friendship
nominations, the remaining effects did not show any other
significant differences [x2(54) = 63.26; p = 0.1818]. Considering
these significant temporal differences, the effects for predicting
friendship nominations changed only slightly compared to the
general results: People with a high risk perception were not
significantly less active from T3 to T4 (B = —0.19, OR = 0.83,
p =0.199) and T6 to T7 (B = 0.15, OR = 1.16, p = 0.483), and
less popular from T2 to T3 (B = —0.32, OR = 0.72, p = 0.025).
Therefore, the effect of flu risk perception activity on friendship
nominations was found in five out of seven periods. The pattern
of results remained stable for the prediction of illness status.
Thus, the effects could be generally observed in most time spans
and were not specific to single periods.

DISCUSSION

The present study examined how personal risk perception
for a contagious disease is linked to social precautionary
distancing within a newly-evolving social network. Building on
previous research, the data shows that a high personal flu risk
perception was related to a reduction in outgoing friendship
nominations (risk perception activity). Or, to put it differently,
participants who recognized a health threat also showed a more
pronounced social precautionary distancing, which supports the
behavioral immune system conception as well as health behavior
theories attributing an important role to risk perceptions.
However, changes in illness status were predicted by both higher
numbers of received friendship nominations and an elevated risk
perception, indicating that this distancing did not successfully
prevent illness.

The observed social distancing supports and extends previous
research in the realm of the behavioral immune system
contention by showing an increased likelihood of social
distancing in a naturalistic setting across longer time frames.
Thus, the present results go beyond observational (Schaller and
Murray, 2008), experimental (Mortensen et al., 2010; Sawada
et al., 2018), or neuropsychological study designs (Stark et al.,
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2007; Baumann and Mattingley, 2012) to a more direct and “real-
world” social behavior, namely the nomination of friendships
within a time-span of a semester. Interestingly, this social
distancing was confined to subjective risk perceptions, since
illness status yielded neither decreased popularity nor additional
distancing. In fact, the social distancing of the behavioral
immune system might even be underestimated, since friendship
nominations represent a high threshold dependent variable for
precautionary distancing behavior in reaction to a relatively
low health threat.

Strikingly, the (intentionally) lowered number of outgoing
friendship nominations was only marginally related to the
individual illness status, while personal flu risk perception
predicted actual individual contraction of a disease. This implies
that the observed social precautionary distancing could in
this case actually be considered insufficient to prevent the
disease. It seems that-although the participants were able to
recognize an imminent health threat-this did not translate
into effective precautions to decrease the risk of infection.
Conversely, incoming friendship nominations from others,
which are less under ones individual control, significantly
increased the likelihood of becoming ill, and could therefore be
seen as an actual risk factor. In this light, one might also consider
social distancing also as an altruistic measure to prevent others
from contracting an illness.

Opverall, while social contacts are seen as a protective factor
with regard to non-commutable diseases (Uchino et al., 1996;
Hawkley and Cacioppo, 2010), they also increase exposure
to contagious diseases (Anderson and May, 1992). Social
distancing as observed in this study may therefore be regarded
as a learned precaution against risks such as contracting flu,
potentially serving an evolutionary function (Nettle, 2005;
Murray and Schaller, 2016). However, today’s mortality is
mainly caused by non-communicable compared to contagious
diseases. Accordingly, it is unsurprising that meta-analyses
list social contacts as a protective factor for mortality (Holt-
Lunstad et al., 2010). Moreover, as social contacts are not
fully controllable and may buffer other risk factors such as
stress (Uchino et al., 1996), social distancing may not be a
sufficient, generally applicable control strategy for minimizing
general health risks. Specifically, it should not be considered
a substitute for other preventive measures such as hand
hygiene (World Health Organization [WHO], 2010; Reuter
and Renner, 2011) or vaccinations (Osterholm et al., 2012;
Renner and Reuter, 2012).

Limitations and Future Research
Directions

However, this study has some caveats that limit the interpretation
of the data. First, as we explored a dataset of one group
and a mild contagious disease, the result should be replicated
in a subsequent study. The group of psychology freshmen is
a rather specific, non-representative convenience sample and,
as network analyses required a confined group, friendships
outside of this group were not considered. Thus, future
studies may further scrutinize whether the found patterns

generalize to a wider population. Likewise, future studies
may include additional control variables to rule out potential
alternative explanations.

Second, by exploring a given dataset, the validity of the
measures was suboptimal: The flu risk perception was assessed
by a single item, which tapped mainly into the perceived
susceptibility of contracting the illness. Most noteworthy, we
did not directly assess flu and flu-like illnesses, but rather
self-reports of any illness. While this may explain the lack of
contagion in the study, both the effect of flu risk perception
on illness likelihood as well as the fact that the applied model
ignores chronic conditions by solely modeling dynamics indicate
that the assessment of illness at least partially captures the
dynamics of flu infections. Furthermore, having friends does not
require direct physical contact. While physical proximity may
be essential to maintain friendships particularly in an newly
evolving group like the one assessed (Giese et al, 2020), a
measure of physical contact would be a more direct way of
assessing social distancing. Still, findings of social distancing
even on this measure of psychological proximity may indicate-
in line with the notion of a behavioral immune system-
that distancing is deeply ingrained even in absence of direct
benefit. Future studies, may therefore employ a multi-item
scale for perceived risk assessment and use a more direct-
potentially even observational-measure of both physical contact
and flu contraction.

Finally, some of the results need to be reaffirmed and further
consequences of distancing should be considered in the light of
COVID-19. For instance, future studies may also evaluate to what
an extend social distancing due to high personal COVID-19 risk
perception may actually lead to social isolation and thereby to a
threat to psychological well-being, irrespective of its effectiveness
in preventing this contagious disease.

CONCLUSION

Members of a social network showed precautionary social
distancing in reaction to elevated risk perceptions, indicating a
behavioral immune system in reaction to contagious diseases.
However, as the members of this social network only had partial
control over their social contacts, the social distancing did not
appear to be an effective strategy for illness prevention in the
given environment.
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