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Abstract 

Loneliness, or the perceived discrepancy of ones relationships in terms of quality, is 

known as Perceived Social Isolation (PSI). Studies have shown that PSI is both increasing and is 

correlated with health risks. Specifically, PSI is not only related with risks of mortality but is also 

linked with variations in the brain. Having few social contacts, or being Objectively Socially 

Isolated (OSI) does not qualify as PSI. The aim of this thesis is to investigate the neural 

correlates of PSI, as distinguished from OSI. The true role of PSI is still unknown, however, 

arguments can be made that PSI serves an important role in survival. The social brain, which 

allows for social cognition is used as a basis for understanding PSI in this thesis. In this thesis, I 

found that individuals suffering from PSI have increased attention towards social threat, and a 

preference to engage in positive social stimuli. Further, PSI affects both social cognition and the 

social brain. However, regional brain activity was not confined to the social brain. The results 

showed that PSI may be related to both affective and attentional networks of the brain. PSI also 

affects activity in the ventral striatum. Further, PSI is related to varied regional brain size. I argue 

that PSI can be reduced by mainly fixing maladaptive cognitive patterns.  
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1. Introduction to Perceived Social Isolation 

In our modern society, we are more connected than ever, through both the internet and 

bigger cities. Yet, loneliness has become more widespread. In the last 30 years, there has been an 

upswing of loneliness ratings, from 17% to 40% (Peplau, Russell, & Heim, 1979; Perissinotto, 

Cenzer, & Covinsky, 2012). Parallel to this rise, more research on loneliness has emerged. 

Loneliness is associated with several negative factors such as less physical activity, higher risk of 

being a smoker (Shankar, McMunn, Banks, & Steptoe, 2011), changed immunology (Cacioppo, 

Cacioppo, Capitanio, & Cole, 2015a; Pressman et al., 2005), increased stress activation 

(Cacioppo et al., 2015a), weight gain (Cacioppo et al., 2002), depressive symptomology 

(Cacioppo & Hawkley, 2009; Cacioppo, Hawkley, & Thisted, 2010) poorer sleep, increased 

blood pressure (Cacioppo et al., 2002), and mortality risks (Holt-Lunstad, Smith, Baker, Harris, 

& Stephenson, 2015; Perissinotto et al., 2012). The negative factors associated with loneliness, 

along with the rising numbers, makes loneliness an important topic of research.  

Weiss (1973) argued that loneliness is a painful state with no benefits to the experiencer. 

On the contrary, Cacioppo, Cacioppo, and Boomsma (2014) argue that loneliness can be likened 

to the feeling of hunger. The feeling of hunger, for example, helps us to stay alive by telling us 

that we need to eat but also motivates us to find food (Cacioppo et al., 2014). When we are 

lonely, we start to crave social connections and have an increased implicit attention towards 

social stimuli (Cacioppo et al., 2014). Essentially, loneliness may have developed for important 

reasons, i.e. survival through social groups. It is therefore, necessary to investigate what happens 

in the lonely brain to further the understanding of loneliness. Loneliness in a technical term is 

defined as Perceived Social Isolation (PSI; Perlman & Peplau, 1981). PSI is when the person has 

feelings of inadequacy towards his or her perceived quality or quantity of relationships (Perlman 
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& Peplau, 1981). Further, Qualter and Munn (2005) argue that PSI is purely subjective. Cacioppo 

and Patrick (2008) argue that PSI is dependent on significant connections with others. Thus, 

while we surround ourselves with more people, we may have less significant connections. A 

quote which helps to further emphasize the connection towards others and loneliness was told by 

Robin William’s character in the movie World’s Greatest Dad: “I used to think the worst thing in 

life was to end up all alone. It’s not. The worst thing in life is ending up with people who make 

you feel all alone.” (Howard et al., 2009). Therefore, one can be with their family and still suffer 

from PSI, or, be away from their family and still feel connected, as it is a matter of perception 

(Cacioppo, Grippo, London, Goossens, & Cacioppo, 2015b). The earlier literature on PSI have 

mainly focused on the physiological effects of PSI. There is a necessity to investigate the brain in 

relation to PSI in order to better understand how PSI affects the individual. There is very clear 

evidence for why we need to take PSI seriously. What is needed now is research to combat PSI 

effectively, specifically, more knowledge on the relationship between the brain and PSI. As a 

note, PSI should not be confused with Objective Social Isolation (OSI). OSI is defined as having 

rare contact with the social world (Wong, Yeung, & Lee, 2018).  

In this thesis, I aim to investigate the neural correlates of Perceived Social Isolation, as 

distinguished from Objective Social Isolation.  

This thesis will start by defining important concepts surrounding PSI. As an example, PSI 

should not be confused with the physical act of being isolated (Cacioppo et al., 2015b). Further, I 

will look into the evolutionary background of PSI as to why PSI exists. Similarly, I will 

investigate the increased implicit attention in PSI. I will then introduce the social brain model as 

a contrast against PSI. After that, I will investigate the neural correlates of PSI. This will be 

followed by a chapter on how to reduce PSI, and finally a discussion of the thesis. 
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2. Understanding Perceived Social Isolation 

Perceived Social Isolation (PSI) is synonymous with loneliness. Therefore, other studies 

have explained PSI by using the word loneliness. Note, that in this thesis I use PSI instead of 

loneliness for the sake of clarity. However, it is unavoidable to not use the word lonely, therefore, 

I also use the term lonely when talking about individuals. The term lonely in this case refers to 

individuals who are suffering from PSI based on measurements. Likewise, nonlonely individuals 

refer to people which do not experience PSI based on measurements.  

Weiss (1973) identified two categories of PSI, emotional PSI, and social PSI. The old 

categories of PSI which Weiss (1973) identified are still relevant today. Newer research, talks 

about three different dimensions of PSI, intimate PSI, relational PSI, and collective PSI 

(Hawkley, Browne, & Cacioppo, 2005; Hawkley, Gu, Luo, & Cacioppo, 2012). These three 

newer dimensions of PSI share some characteristics with the social networks we all have 

(Cacioppo et al., 2015b). The personal social network is typically comprised of a few circles of 

relationships surrounding the individual (Dunbar, 2014). The relationship circles typically get 

lesser in social quality and increase in quantity the further out you go, and increased quality and 

less quantity the closer you get to the individual (Dunbar, 2014).  

Intimate PSI, is the same as relational PSI (Cacioppo et al., 2015b). When the inner 

personal social circle lacks emotionally close attachment relationships, the individual can start to 

suffer from intimate PSI (Weiss, 1973). Intimate PSI can be divided into two categories: absence 

of an intimate relationship or lack of a close emotional attachment (Weiss, 1973). Further, people 

tend to feel greater intimate PSI if their relationship isn’t emotionally supportive (Dykstra & 

Fokkema, 2007). Adding to Weiss’s work of PSI, DiTommaso and Spinner (1997) found that 

lower levels of attachment were associated with significantly higher levels of intimate PSI. This 
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confirms that high quality relationships are more important than having lots of friends with less 

quality. It has also been noted that people who receive guidance from others also report 

significantly less intimate PSI (DiTommaso & Spinner, 1997). To add on this, DiTommaso and 

Spinner (1997) explain that having a close friend can give the individual both a safe attachment 

and guidance. Basically, this means having a reliable peer with whom you can share intimate 

feelings with. According to Cacioppo et al. (2015b), intimate PSI matches what Dunbar (2014) 

refers to as the inner core. The inner core is people you heavily trust for emotional support and 

usually contains up to five individuals. The best general predictor of lower levels of intimate PSI 

is marital status (Hawkley et al., 2005).  

Relational PSI, is the same as social PSI, as coined by Weiss (1973). Relational PSI is the 

lack of connection towards a broader social group, such as friends or colleagues. According to 

Weiss (1973), relational PSI is only dependent on the lack of engagement towards such a social 

group. How well an individual is integrated towards a larger social group is thus, a direct 

predictor of relational PSI (DiTommaso, Brannen-McNulty, Ross, & Burgess, 2003). According 

to Dunbar (2014), this group generally comprises of 15 to 50 individuals. Dunbar (2014) states 

that the social group can help us with things such as financial problems, projects or child care.  

The last dimension of PSI is called collective PSI (Cacioppo et al., 2015b). Collective 

PSI refers to the social network in which the individual moves around in (Cacioppo et al., 

2015b). Collective PSI may refer to people in your area, school, groups, and national identity. 

Dunbar (2014) refers to this as the outermost social layer. The outermost social layer includes 

around 150 to 1500 individuals, which can provide low cost support (Dunbar, 2014). The best 

predictor of lower collective PSI can be found in individuals who contribute to voluntary work 

(Cacioppo et al., 2015b).  
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PSI is dependent on variables such as education, marriage, living alone, physical health 

symptoms, lack of social network and divorce (Hawkley et al., 2005; Hawkley et al., 2008; 

Routasalo, Savikko, Tilvis, Strandberg, & Pitkälä, 2006; Samuelsson, Andersson, & Hagberg, 

1998; Savikko, Routasalo, Tilvis, Strandberg, & Pitkälä, 2005;). The many variables associated 

with PSI make it a complex phenomenon to test reliably, especially with questionnaires 

(Cacioppo & Cacioppo, 2016). For example, cultural factors may play a bigger role in how each 

individual answers questionnaires on PSI. Therefore, the phrasing of questions might act as a 

confounding in testing PSI. Further, Hawkley et al. (2008) found that personality traits heavily 

influence the individual’s PSI. Typically, less extraversion and higher neuroticism are linked to 

higher PSI (Hawkley et al., 2008). Reversed, results have also shown that PSI can affect 

participant personality ratings (Cacioppo et al., 2006a). More physically, social group size and 

intimacy also affects the individual’s PSI (Hawkley et al., 2008).  

2.1 Perceived Social Isolation versus Objective Social Isolation 

The scientific definition of being physically isolated is known as Objective Social 

Isolation (OSI). OSI can be understood as the individual’s objective social environment, and 

lacking physical contact in that environment (House, Landis, & Umberson, 1988; Kraus & 

Lilienfeld, 1959). A more recent definition of OSI is having minimal social network connections 

and rare contact with the social world (Wong, Yeung, & Lee, 2018). Studies on OSI can be found 

both on animals and on humans. The studies on animals are ethically controversial, often 

including social isolation in the postweaning period for up to a couple of months. After the initial 

isolation period, the animals are either studied behaviorally or dissected in order to observe more 

physical changes (Silva-Gomez, Rojas, Juarez, & Flores, 2003). Such animal studies can offer 

valuable insight into the affected brain areas. Isolated animals, usually mice, tend to under 
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develop certain brain regions (Liu et al., 2012). These specific brain areas can provide clues on 

how isolation may affect the human brain. OSI studies on humans are usually longitudinal or 

cross sectional and with questionnaires (Cacioppo, Hawkley, Norman, & Berntson, 2011). 

Therefore, when measuring OSI through questionnaires, the measurement becomes subjective. 

Further, being OSI have been shown to have detrimental health effects (Holt-Lunstad et al., 

2015).  

Perceived Social Isolation (PSI) studies help us understand more of the behavior 

surrounding PSI. They also aid in understanding why some people feel lonelier than others. 

Examples include heritability of PSI, depressive symptomology, and OSI (Cacioppo & Hawkley, 

2009). In neuroscientific studies, PSI is often studied with imaging techniques. This has offered 

valuable insight into the neural correlates of PSI. PSI, compared to OSI can be likened more to a 

feeling. The big difference between OSI and PSI, is that PSI can motivate the individual to 

reengage in social relationships (Holt-Lunstad et al., 2015). The same motivation has not been 

observed in OSI (Holt-Lunstad et al., 2015). The separation between OSI and PSI needs to be 

clear, as they are different concepts (Coyle & Dugan, 2012). The two concepts are weakly 

correlated, however being OSI may lead to PSI (Coyle & Dugan, 2012). To further strengthen 

the distinction, Holt-Lunstad et al. (2015) showed that OSI and PSI have independent risk factors 

for mortality. The independent risks for both phenomena can be explained by the different 

activation of cellular response (Cacioppo et al., 2015a). Also, the number of relationships in the 

personal network is typically negatively correlated with PSI. However, an individual can have a 

lot of friends and still suffer from PSI (Victor, Scambler, Bond, & Bowling, 2000). Likewise, an 

OSI individual may not suffer from PSI at all (Victor et al., 2000). However, PSI as compared to 

OSI, has been shown to be able to predict rises in blood pressure (Hawkley, Masi, Berry, & 
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Cacioppo, 2006), cortisol (Adam, Hawkley, Kudielka, & Cacioppo, 2006), and lower life 

satisfaction (Gow, Pattie, Whiteman, Whalley, & Deary, 2007). Further, PSI is according to 

Cacioppo and Hawkley (2009) more related to the quality rather than quantity in relationships.  

Thus, to connect with Perlman and Peplau’s (1981) earlier definition of PSI with 

Cacioppo and Hawkley’s (2009), PSI relates more to how the person perceive the quality of his 

or her relationships. In this thesis, the focus will be on PSI, and not on OSI. However, an 

exception is made in the animal literature. This is so because there is no way of knowing how an 

animal perceives his or her social world.  

2.2 Measuring Perceived Social Isolation.  

The early literature surrounding Perceived Social Isolation (PSI) suffered from a reliable 

and valid way of measuring PSI (Russell, Peplau, & Ferguson, 1978). Further, Russell et al. 

(1978) argued that PSI, unlike other feelings or states, can be hard to induce experimentally. It 

was deemed hard to do ingroup experiments (Russell et al., 1978). However, in recent times PSI 

has been induced through hypnosis, recollection of memories and through visualization 

(Cacioppo et al., 2006a; Hu, 2009). In 1978 the UCLA loneliness scale was introduced by 

Russell et al. (1978). The measurement was later revised and is now known as the R-UCLA 

loneliness scale (Russell, 1996). Essentially, the R-UCLA loneliness scale is a proxy 

measurement used for PSI (Russell, 1996). Further, to assess convergent validity the 

measurement has been shown to be significantly correlated with both depression and anxiety 

scales (Russell et al., 1978). The R-UCLA loneliness scale has also been shown to have 

convergent validity from two similar scales of PSI, along with strong internal consistency 

(Layden et al., 2017; Russell et al., 1978). The R-UCLA loneliness scale is a questionnaire 

containing twenty questions relating to an individual’s sociability (Russell, 1996). There are four 
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types of nominal responses to these questions ranging from Never (1), Rarely (2), Sometimes (3), 

Always (4) (Russell, 1996). An example of a question is “How often do you feel alone?” 

(Russell, 1996). The R-UCLA loneliness scale is a widely used scale of PSI, incorporated as a 

measurement in most studies examining PSI.  

In this thesis, all studies on PSI used the R-UCLA loneliness scale, except two. An article 

exploring the heritability of PSI instead used Asher’s general loneliness scale (McGuire & 

Clifford, 2000). The mentioned scale was developed to examine loneliness and social 

dissatisfaction in children (Asher, Hymel, & Renshaw, 1984). Another study included in this 

thesis which did not use the R-UCLA loneliness scale instead used the young adult self-report 

(Boomsma, Willemsen, Dolan, Hawkley, & Cacioppo, 2005). The young adult self-report is a 

questionnaire asking questions about interpersonal relationships and antisocial behavior 

(Achenbach, 1990).  

2.2.1 Imaging techniques and Perceived Social Isolation. In studying Perceived Social 

Isolation (PSI) from a cognitive neuroscientific perspective, new imaging techniques such as 

functional magnetic resonance imaging (fMRI) offer unprecedented insight into the brain and 

PSI (Cacioppo & Cacioppo, 2016). The fMRI uses blood flow to detect activity in the brain, 

more specifically, the machine can be used to detect how different regional brain activity reacts 

to a stimulus (Gazzaniga, Ivry, & Mangun, 2009). While effective, fMRI is an expensive 

technique and the results of the high cost tend to affect the number of participants (Cacioppo & 

Cacioppo, 2016). Voxel-based morphometry (VBM) is another way to study PSI and its effect on 

the brain. VBM is mainly used to examine different regional brain areas, brain atrophy and other 

anomalies which might differ in participants, compared to a broader sample size (Ashburner & 

Friston, 2001). Diffusion tensor imaging (DTI) can give insights into the brains connectivity (Le 



NEURAL CORRELATES OF PERCEIVD SOCIAL ISOLATION     12 

Bihan et al., 2001). DTI can also be used to detect pathology or anomalies in the brain (Le Bihan 

et al., 2001). From my own literature search on PSI, it seems that DTI has been less used in the 

research on PSI as compared with VBM and fMRI. While expensive, combining different 

imaging techniques, such as fMRI and DTI, can be a way to combat controversial results and get 

more precise information about the brain and PSI. The above mentioned imaging techniques are 

the most widely used ones in the studies incorporated in this thesis. Other techniques such as eye 

tracking have seen use in the field of PSI and neuroscience, but will be irrelevant in this thesis.  

2.2.2 Theories and Perceived Social Isolation. In this thesis, I will not present any 

major theories regarding PSI. However, the social brain model, which is a set of brain areas 

associated with being able to socialize will be presented. The social brain model will be 

contrasted with studies on PSI to determine if PSI affects the social brain. In line with the social 

brain model, I will also introduce the evolutionary background of PSI. The social brain 

hypothesis will also be mentioned, but is not relevant enough to be dedicated a chapter.  

2.3 Social Exclusion as an Umbrella Term 

Social exclusion is the umbrella term for the concepts: social isolation, ostracism, and 

romantic rejection (Cacioppo & Cacioppo, 2016). Social exclusion can be understood as the 

physical and emotional experience of being kept away from others (Cacioppo & Cacioppo, 

2016). Social exclusion is more active and more constrained time wise (Ward, 2016). Social 

exclusion can be both explicit and implicit in that an individual can either be left out of the group 

or can also withdraw from a social situation (Ward, 2016). However, if an individual is being 

explicitly excluded from a group, but the individual does not feel socially excluded, this does not 

count as social exclusion (Cacioppo & Cacioppo, 2016). Thus, social exclusion like PSI is 

perceptual.  
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Ostracism and romantic rejection can be seen as more active concepts of social exclusion 

(Cacioppo & Cacioppo, 2016). Ostracism is usually accomplished by avoiding eye contact, being 

left out of information, or ignored (Cacioppo & Cacioppo, 2016). Rejection, whether romantic or 

not, is usually identified as using dehumanizing language, discrimination or macroaggressions 

(Cacioppo & Cacioppo, 2016). While both ostracism and romantic rejection are included in 

social exclusion, a person may be ostracized or rejected by one group or a person but not by 

another. Therefore, the person may simply feel hurt, but not experience PSI (Cacioppo & 

Cacioppo, 2016). As Ward (2016) argues, social exclusion and PSI are different concepts, yet 

they share many of the same consequences. Further argument for the similarities between social 

exclusion and PSI can be seen in the social reconnection hypothesis (Maner, DeWall, 

Baumeister, & Schaller, 2007). PSI and social exclusion both increases the individuals 

motivation to reconnect socially (Holt-Lunstad et al., 2015; Maner et al., 2007). Most likely, this 

motivation to reconnect comes from the same underlying phenomenon. Further, Wong et al. 

(2018) argue that studies on social exclusion can give good clues into how PSI works.  

This thesis, will therefore, incorporate studies on social exclusion. A second reason for 

including social exclusion, is because the literature on the neural correlates of loneliness is 

lackluster. Further, OSI and PSI can be easily confused. In order to further the distinction 

between OSI and PSI it is necessary to introduce the evolutionary background of PSI.  

2.4 The Evolutionary Background of Perceived Social Isolation 

As previously mentioned, Cacioppo et al. (2014) rebutted the argument by Weiss (1973) 

which stated that Perceived Social Isolation (PSI) is purely a negative and painful state. 

Cacioppo et al. (2014) argue that PSI is much more than a painful state with no benefits. From an 

evolutionary perspective, a social group is crucial for the survival of the individual (Cacioppo et 
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al., 2014). Being left out of the social group promotes implicit attention towards social situations 

which in turn can be either detrimental or positive for the individual's social life (Cacioppo & 

Hawkley, 2009). The idea is that when individuals become outcast they become more aroused 

and have heightened attention towards social situations to increase their survivability. The idea 

proposed by Weiss (1973) that PSI has no redeeming qualities is thus, an impoverished 

understanding of PSI (Cacioppo et al., 2014). It is true that PSI brings forth an array of negative 

feelings. But, a state like hunger can also be argued to have no redeeming qualities, and yet 

hunger motivates and lets us know that we need to consume food (Cacioppo et al., 2014). As 

pointed out by Cacioppo et al. (2014) hunger has driven the need to expand human taste. The 

taste buds allow the human being to identify bitter tastes better than sweeter ones to better 

protect against poisonous edibles (Cacioppo et al., 2014). We can look at PSI in the same way 

we look at hunger (Cacioppo et al., 2014). PSI, like hunger, can be argued to be a feeling which 

tells us something is wrong, but also keeps the human being sensitive towards social situations to 

avoid fatal company, thus furthering our survival through sociability (Cacioppo et al., 2014).  

Cacioppo et al. (2014) argue that PSI is an evolutionary adaptive state which acts to 

preserve the genetic legacy of the individual. However, in our current society, PSI is often 

detrimental to our health. According to Cacioppo et al. (2014), the detrimental effect can be 

explained by our lengthened lifespan in the current society. A thousand years ago, it may have 

been better to be socially excluded than to risk being with the wrong crowd. Most of the 

deleterious health effects of PSI occur much later in life (Cacioppo et al., 2014). On the other 

hand, the short term effects of PSI are argued to motivate the isolated individual to reconnect 

with the group (Cacioppo et al., 2014), or to protect the social body rather than the physical body 



NEURAL CORRELATES OF PERCEIVD SOCIAL ISOLATION     15 

(Cacioppo, Fowler, & Christakis, 2009a). Thus, the selfish gene might act in both prosocial and 

antisocial ways to protect the individual's genetic legacy (Cacioppo et al., 2009a) 

A study by McGuire and Clifford (2000) aimed to identify PSI heritability. The study 

contained 275 pairs of siblings from two different studies. Overall the studies contained both 

adoptive children, biologically related siblings and biologically nonrelated children (McGuire & 

Clifford, 2000). This was done to control for possible confounding factors (McGuire & Clifford, 

2000). Both samples used Asher’s general loneliness questionnaire to determine the amount of 

PSI (McGuire & Clifford, 2000). In the study, it was demonstrated that the heritability of PSI in 

children was between 48% and 55% respectively in each sample (McGuire & Clifford, 2000). 

Another study supporting the data was conducted by Boomsma et al. (2005). The number of 

participant twins in the study was 8387 Dutch young adults and adults (Boomsma et al., 2005). 

In the study, a measurement of PSI was developed based on a statistical analysis of items in the 

young adult self-report. Using the statistical analysis it was found that the heritability of PSI was 

48% (Achenbach, 1990; Boomsma et al., 2005).  

2.5 Hypervigilance in Perceived Social Isolation 

As previously stated, when individuals become socially outcast they tend to become 

abnormally aroused, have enhanced reaction to social stimuli and exaggerated behavior. These 

reactions are hypothesized to identify threats in the social environment (Cacioppo & Hawkley, 

2009). This state of heightened arousal is known as hypervigilance (Qualter et al., 2012). 

Hypervigilance in PSI can be identified as increased arousal to social threat stimuli (Qualter et 

al., 2012). Measuring hypervigilance is typically done by having nonlonely individuals versus 

lonely individuals respond to threatening stimuli, nonthreatening stimuli, social threatening 

stimuli and nonsocial threatening stimuli (Cacioppo et al., 2015c). The responses are then 
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recorded by various imaging techniques. In earlier literature hypervigilance was observed 

behaviorally in lonely individuals. However, newer, imaging studies focusing on understanding 

hypervigilance cognitively has offered valuable insight. This hypervigilance is speculated to 

have emerged from predator evasion (Cacioppo et al., 2015b). In animal literature, it has been 

observed that socially isolated mice have increased predator evasion, mainly due to higher 

locomotor activity (Kaushal, Nair, Gozal, & Ramesh, 2012).  

PSI also increases the sensitivity towards facial cues of emotions (Vanhalst, Gibb, & 

Prinstein, 2017). This was observed in 179 adolescents using a facial emotion recognition task. 

PSI was correlated with heightened sensitivity towards sad and fearful faces (Vanhalst et al., 

2017). The social reconnection hypothesis states that social exclusion increases the motivation of 

individuals to form new relationships with new people (Maner et al., 2007). Maner et al. (2007) 

found that excluded individuals were motivated to make new friends and assigned greater value 

to the new interactions as compared with the control group (Maner et al., 2007). However, the 

excluded participants did not want to make contact with the people who took part in the 

exclusion process (Maner et al., 2007).  

In a study examining the prosocial effects of social exclusion it, was found that 

individuals were less likely to engage in altruistic behavior, cooperation, and were less helpful 

(Twenge, Baumeister, DeWall, Ciarocco, & Bartels, 2007). The manipulation of the social 

exclusion was done by telling the participants they would either end up all alone in the future or 

that they’ve been rejected by the other participants (Twenge et al., 2007). The participants 

showed significant reductions in prosocial behavior after the rejection phase in comparison to 

control participants (Twenge et al., 2007). Both empathy and trust factors were reduced in the 

socially excluded participants (Twenge et al., 2007). In sum, the experiments showed that the 
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excluded participant may be motivated to get to know others (Twenge et al., 2007). However, the 

effect of social exclusion will have the individuals in a reluctant state, in which the individual is 

very wary of getting hurt again (Twenge et al., 2007). The somewhat controversial finding 

between Maner et al. (2007) and Twenge et al. (2007) can potentially be explained in that 

excluded individuals are more motivated to connect with people, but, not with their former 

oppressors. Speculative, they may need to know that they’re safe before they can once again 

engage in prosocial behavior.  

A study conducted by Cacioppo et al. (2015c) examined Hypervigilance using a high-

density electrical neuroimaging along with a behavioral task. The behavioral task included a 

2x2x2 design, the stimuli type was social vs nonsocial and the nature of the stimuli was either 

threatening or nonthreatening (Cacioppo et al., 2015c). The stimuli were used as a within subject 

design and the PSI scores on the participants as between subject design. Further, the dependent 

variables other than electrical brain activity was reaction times and valence ratings (Cacioppo et 

al., 2015c). The participants were divided into either the control group or the participant group 

based on their results in the R-UCLA loneliness scale (Cacioppo et al., 2015c). Participants 

scoring higher than 42.26 on the scale was deemed lonely, consisting of 10 participants 

(Cacioppo et al., 2015c). The total number of participants in the study was 27, 15 females and 12 

males. In lonely individuals, it was demonstrated that the social threat stimuli were processed 

faster (116ms) than the nonsocial threat stimuli in nonlonely individuals (252ms; Cacioppo et al., 

2015c). This finding supports the notion that lonely individuals experience hypervigilance in 

social situations.  

The process behind hypervigilance in lonely individuals could be related to top down 

control. A study by Tian et al. (2017) used fMRI to examine the correlation between PSI and 
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different brain networks. It was demonstrated that the flow of the affective network towards the 

visual network was negatively correlated with the R-UCLA loneliness scale scores (Tian et al., 

2017). Further, flow from the dorsolateral attentional network and the ventral attentional network 

was negatively correlated with PSI scores (Tian et al., 2017). Thus, the lonely brain may have a 

harder time seeking out relevant social stimuli (Tian et al., 2017). 

3. The Social Brain  

The idea that the brain size is correlated with the social environment dates back to 

Darwin (1871). It is speculated that larger brains are needed to compute the complex societies in 

which we live in. In a social society, a monkey’s decision may not only hurt him but also the 

group (Dunbar, 2014). Thus, in order to process the social information, the monkey needs a 

bigger brain. One key thing about the brain is that it seems to follow the law of use it or lose it 

(Cacioppo et al., 2015a). Larger brains have evolved for a reason and according to the social 

brain hypothesis, the cost of larger brains was cost effective in terms of what we gained (Dunbar, 

2014). If social isolation follows the principle of use it or lose it, socially isolated individuals 

may not only have decreased social abilities but smaller social brains.  

In a social setting, facial expressions help us to identify the other person’s motive (Frith 

& Frith, 2007). In a sense, we constantly try to predict what others around us are doing (Frith & 

Frith, 2007). Predicting a behavior or an emotion helps us to cultivate better relationships with 

said person. If person A can sense that person B is having a rough day simply by the tone or gaze 

of person B, person A can offer the emotional support needed to help person B. The consequence 

of this being, hopefully, a stronger bond between the two persons. If person A cannot handle the 

social situation correctly, the consequence will be a lesser relationship. The evolution of the 

social brain is based on predictions in social scenarios just like this (Blakemore, 2008). The 
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social brain consists of the underlying brain areas which allow for social cognition (Frith & Frith, 

2007). Thus, the social brain helps us to predict the mental states, feelings, and actions of others 

(Frith & Frith, 2007). Moreover, they include functions such as the recognition of faces, body 

postures, evaluation of others, intentions, feelings, thoughts, predicting the next action of another 

being and communication (Blakemore, 2008).  

The social brain areas are generally comprised of the amygdala, the anterior cingulate 

cortex, the anterior insula, the inferior frontal gyrus, the medial prefrontal cortex, the superior 

temporal sulcus and the temporoparietal junctions (Frith, 2007; Blakemore, 2008).  

Using fMRI it has been noted that the amygdala is activated when subjects view facial 

expressions of fear (Morris et al., 1996). Similarly, findings indicate that people with damaged 

amygdalas have trouble judging the emotions of others by facial expression. More specifically, 

people with bilaterally lesioned amygdalas judge other individuals as more trustworthy 

compared to nonlesioned peers (Adolphs, Tranel, & Damasio, 1998). Maybe the most extreme 

behavior observed in bilaterally lesioned amygdala in rhesus monkeys is known as Kluver-Bucy 

syndrome (Klüver, & Bucy, 1939). This syndrome includes emotional blunting, the loss of 

emotional value in objects and the victims are often socially outcasted (Ward, 2016). Damaged 

amygdalas in humans are not as severe compared to rhesus monkeys. This distinction in damage 

might indicate that humans have more advanced social brains, or that rhesus monkeys have more 

functional connectivity surrounding the amygdala (Ward, 2016). More controlled studies are 

needed to determine the exact functioning of the amygdala in humans. However, speculating on 

the existent literature, damages to the amygdala are dependent on time, that is, a damaged 

amygdala in adolescence might not be detrimental to the individual’s social situation. 

Comparatively, if a person is born without functioning amygdalas the individual might never 
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learn to behave correctly in social settings. The youngster will never learn to judge trustworthy 

behavior nor the facial emotional expressions of others. Thus, one can speculate that the function 

of the amygdala is to help the individual to learn the most appropriate behavior through 

emotional and social context (Ward, 2016).  

The anterior cingulate cortex is known to play a role in different higher cognitive 

functions such as attention, error detection and decision making (Gazzaniga et al., 2009). The 

anterior cingulate cortex also seems to play a role in processing social information, which has 

been observed in macaque monkeys (Noonan, Sallet, Rudebeck, Buckley, & Rushworth, 2010) 

and in humans with lesions surrounding the anterior cingulate cortex (Kumaran, Warren, & 

Tranel, 2015). In social exclusion, which can be argued to be social pain, the anterior cingulate 

cortex is activated. A fMRI study by Eisenberger, Lieberman, and Williams (2003) demonstrated 

how being socially excluded from a game, contrasted to socially included led the participant’s 

anterior cingulate cortex to be more activated. The social exclusion phase was also correlated 

with the perceived distress of the participants (Eisenberger et al., 2003). The subgenual regions 

of the anterior cingulate cortex have been linked to the neuroendocrine responses of processing 

fear, stress, and reward (Drevets, Savitz, & Trimble, 2008).  

The anterior insula is heavily involved with the affective components of disgust and pain 

(Gallese, Keysers, & Rizzolatti, 2004; Singer et al., 2004). Further, the insula also seems to be 

activated during moral disgust, which is when a person behaves in a morally wrong way (Moll, 

Zahn, de Oliveira-Souza, Krueger, & Grafman, 2005). In an experiment testing the influence of 

attachment styles in social exclusion, it was found that the anterior insula showed increased 

activation (DeWall et al., 2011). Specifically, individuals with anxious attachment styles showed 
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greater activation in the anterior insula compared to individuals with avoidant attachment styles 

which showed reduced activation in the anterior insula (DeWall et al., 2011).  

The inferior frontal gyrus is involved in inhibition of cognitive behavior, linking it to 

symptoms alike ADHD (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003). Moreover, the 

inferior frontal gyrus plays a role in imitation of other’s behavior or being able to read other’s 

emotional states (Pfeifer, Iacoboni, Mazziotta, & Dapretto, 2008). In response to social threat 

stimuli, nonlonely individuals show greater activation in the inferior frontal gyrus compared to 

lonely individuals (Cacioppo, Norris, Decety, Monteleone, & Nusbaum, 2009b). This might be 

explained by learning differences in lonely vs, nonlonely individuals in social settings. Or, 

according to Cacioppo et al. (2009b) a downplayed role of the inferior frontal gyrus based on 

earlier social interactions which have been less rewarding. To add on this, lonely individuals tend 

to have worse social interactions compared to nonlonely peers (Cacioppo et al., 2009b). 

The medial prefrontal cortex is activated when forming impressions of persons, but not 

objects (Mitchell, Banaji, & Macrae, 2005). Mentalizing about other individuals also activates 

the medial prefrontal cortex (Mitchell, Macrae, & Banaji, 2006). Mentalizing, or theory of mind, 

is crucial for understanding others by putting oneself in the others shoes (Amodio, & Frith, 

2006). The medial prefrontal cortex seems to be more related to social context than objective 

context. For instance, Rilling, Sanfey, Aronson, Nystrom, and Cohen (2004) found that the 

medial prefrontal cortex is activated when a person is thought to be playing a game versus 

another human being, but not if the person in the same settings thought to be playing versus a 

computer. 

Another area activated when using theory of mind is the superior temporal sulcus 

(Gallagher, & Frith, 2003). The superior temporal sulcus is crucial for changeable face 
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perception that is how an individual changes expression or poses, but also for gaze directions 

(Haxby, Hoffman, & Gobbini, 2000). However, the superior temporal sulcus seems to not only 

be activated when judging the different aspects of faces but also for integrating both auditive 

speech and seen speech (Calvert, Hansen, Iversen, & Brammer, 2001). A review article by 

Allison, Puce, and McCarthy (2000) explained that the superior temporal sulcus is involved with 

analyzing biological movement and acts as a first step analysis for the brain in assessing motion.  

The temporoparietal junction is a region involved in mentalizing, eye gaze, moving 

mouths and observing living things (Ward, 2016). Further, lonely individuals tend to show 

weaker activation in the temporoparietal junction towards unpleasant social stimuli in contrast to 

unpleasant object stimuli (Kanai et al., 2012a).  

Drawing parallels to the evolution of the social brain, specifically, the social brain 

hypothesis (Dunbar, 2014), the argument here is that the above mentioned brain areas should in 

some way be underdeveloped or different in lonely individuals compared to nonlonely 

individuals (Wong et al., 2018). This argument can be made for both adults but especially for 

younger individuals (Wong et al., 2018). If the developing brain received a socially inclusive and 

socially secure upbringing then the brain should be more resilient towards PSI. If the scenario is 

reversed, and the developing brain did not receive sufficient social support the adolescence brain 

should be more prone to PSI (Wong et al., 2018).  

While the aforementioned regions of the brain are surely connected to the social brain 

model. We can assume that the social brain will be varied in lonely individuals based on the idea 

of use it or lose it. However, regions outside of the social brain might also be affected by PSI. 

This will be explored next. 
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4. The Neural Correlates of Perceived Social Isolation 

The following chapter investigates the neural correlates of Perceived Social Isolation 

(PSI) in human beings. The following subchapter will discuss the role of the ventral striatum in 

relation to PSI. Following this, I will bring subsidiary evidence to the neural correlates of PSI 

from studies on isolated animals.  

A study by Cacioppo et al. (2015c) who sought to explore the effects of social versus 

nonsocial stimuli on lonely individuals versus nonlonely individuals identified several 

differences in brain activation. The brain regions significantly associated with activation in 

lonely individuals from social threat included the: amygdala, anterior prefrontal cortex, 

dorsolateral prefrontal cortex, insula, associative visual cortex, inferior temporal gyrus, superior 

temporal gyrus, the parahippocampus and the supramarginal gyrus (Cacioppo et al., 2015c). 

These regions are according to Cacioppo et al. (2015c) related towards threat, attention, and self 

representation. Further, the brain activation in the lonely participants towards nonsocial threat 

was more related to biological motion and episodic memory (Cacioppo et al., 2015c).  

Meanwhile, the lonely brain is argued to have worse emotional regulation (Kong, et al., 

2014). Lonely individuals show an increased regional gray matter volume in their left 

dorsolateral prefrontal cortex (Kong et al., 2014). The increased size of the dorsolateral 

prefrontal cortex is potentially linked to worse emotion regulation, which in turn lead the lonely 

individuals to become more vulnerable towards isolation and furthering the feelings of PSI 

(Kong et al., 2014). The relationship between the dorsolateral prefrontal cortex and PSI was 

partially mediated by higher neuroticism and lower extraversion (Kong et al., 2014). The 

neurotic traits and lower extraversion might give a hint towards understanding lonely individuals 

in social situations. For example, there are recurring instances of a bias towards positive social 
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stimuli in the lonely population. Powers, Wagner, Norris, and Heatherton (2011) examined if 

socially excluded individuals showed a preference to mentalize about positive social information 

over negative social information. The manipulation of exclusion and inclusion were done by 

telling the participants how lonely or supportive their respective future would be (Powers et al., 

2011). Both the control group and the excluded participants underwent fMRI while viewing 

pictures of social, nonsocial scenarios and varying in valence (Powers et al., 2011). The socially 

excluded participants recruited far less activity in the dorsomedial prefrontal cortex in 

comparison with the socially included participant (Powers et al., 2011). This result was more 

significant in viewing socially negative scenarios. In comparison, more activity in the 

dorsomedial prefrontal cortex was shown the more positive the social scenes became for the 

excluded group (Powers et al., 2011). Powers et al. (2011) argue that the results demonstrate that 

socially excluded individuals show a preference to engage in mentalization about positive social 

scenarios over negative social scenes.  

On the other hand, lonely brains tend to have varied regional brain mass (Sin et al., 

2017). Sin et al. (2017) explored the role of depression and PSI in the brain. In their experiment, 

they examined regional brain size using VBM. The brain scans of the participants showed that 

the higher scores from the R-UCLA loneliness scale were associated with negative gray matter 

changes in the left putamen, the left caudate and the left pallidum (Sin et al., 2017). Sin et al. 

(2017) argue that the affected brain areas are connected to social rewards. Further research 

exploring regional brain size and PSI has shown that higher PSI is negatively correlated with 

gray matter size of the left posterior superior temporal sulcus (Kanai et al., 2012a). Kanai et al. 

(2012a) argue that the posterior superior temporal sulcus is used for basic social perception. The 

relationship between the left posterior superior temporal sulcus and PSI was specifically 
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mediated by the individual’s ability to process eye gaze information (Kanai et al., 2012a). The 

direction of the relationship is unknown, a speculation might be that poor eye gaze amongst other 

social abilities might lead to social isolation (Kanai et al., 2012a). They conclude that social 

perception plays an important role in PSI. Kanai, Bahrami, Roylance, and Rees (2012b) used 

fMRI and VBM to establish regional brain size correlated with online social network size. In the 

study, they found that higher PSI was negatively correlated with the volume of the posterior 

superior temporal sulcus, the middle temporal gyrus and the entorhinal cortex (Kanai et al., 

2012b). Kanai et al. (2012b) argue that these regions represent social perception, and associative 

memory, i.e. the ability to learn relationships between unrelated items.  

Using fMRI, Wong et al. (2016) aimed to examine the relationship of the structural and 

functional connectivity during PSI in late life depression. The study used the R-UCLA loneliness 

scale on 31 participants with diagnosed late life depression (Wong et al., 2016). The participants 

were all over the age of 60. The study used both DTI and fMRI during an affective processing 

task (Wong et al., 2016). The structural network related to PSI identified the following regions, 

edges of the right middle temporal gyrus, the amygdala, fusiform gyrus, inferior occipital gyrus, 

middle occipital gyrus, the superior occipital gyrus, and calcarine fissure connecting to the left 

globus pallidus, and edges from right calcarine sulcus, lingual gyrus and amygdala connecting to 

superior frontal gyrus (Wong et al., 2016). Higher PSI scores were correlated with weaker 

connections between the amygdala and the superior frontal gyrus (Wong et al., 2016). Further, 

the identified structural connectivity did not differ between experimental participants and 

controls. Suggesting that late life depression was not a significant dictator for the found regional 

brain activity (Wong et al., 2016). The study identified PSI with a subnetwork connecting the 
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superior frontal gyrus to the amygdala. Connectivity in PSI participants was also found between 

the left globus pallidus with the temporal and occipital regions (Wong et al., 2016).  

Further, fMRI results on PSI have shown PSI to be positively associated with functional 

connectivity in the bilateral insula, frontoparietal opercula, the anterior cingulate cortex and the 

presupplementary motor area (Layden et al., 2017). According to Layden et al. (2017), the areas 

affected by PSI are associated with attention and can be identified as the cingulo opercular 

network. Further, hypervigilance in PSI demonstrate increased attention towards social threat 

(Layden et al., 2017). From a cognitive perspective, it makes sense that PSI affects the 

attentional network. Moreover, lonelier participants have been shown to elicit less activation 

within the right amygdala, the subgenual region of the anterior cingulate cortex, thalamus, and 

insula (Cacioppo et al., 2009b). 

4.1 The Ventral Striatum and Perceived Social Isolation  

Feelings of hunger versus being sated reflect activity in the ventral striatum (Kringelbach, 

2003). The more one consumes, and the more sated one feels, the less activation in the ventral 

striatum (Kringelbach, 2003). In short, the same idea can be assumed in PSI (Cacioppo et al., 

2009b). Based on what is known about hypervigilance in lonely individuals we can assume that 

the ventral striatum potentially could demonstrate a form of social hunger (Cacioppo et al., 

2009b). Here I will discuss the role of the ventral striatum in PSI. 

Inagaki et al. (2015) explored the effect of PSI and the association with ventral striatum 

activity in response to viewing images of intimate others versus strangers. The intimate other 

image was meant to depict an intimate relationship. Before entering the study, the 31 participants 

sent a picture of a close relative, intimate friend or partner to the experimenters (Inagaki et al., 

2015). These pictures made up the stimuli of a close other. Further, the participants finished the 
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R-UCLA loneliness scale to determine PSI rating. The participants also rated how close they felt 

towards their close peer (Inagaki et al., 2015). Based on these two measurements, it was 

demonstrated that higher PSI scores were associated with lower feelings of connectedness 

towards the close peer.  

In the fMRI task, the participants underwent a stimuli task including viewing pictures of 

close peers versus strangers (Inagaki et al., 2015). Lonely participants showed greater activation 

in the ventral striatum when viewing pictures of close others as compared to pictures of random 

others (Inagaki et al., 2015). According to Inagaki et al. (2015), these results support the idea that 

social connection acts cognitively much like basic human needs such as thirst or hunger. Further, 

the results also support the previous findings on Hypervigilance (Inagaki et al., 2015). The 

findings also indicate that lonely individuals don’t necessarily have lesser quantitative or 

qualitative relationship, but that lonely individuals perceive to have both a lower amount of 

friends and worse relationships (Inagaki et al., 2015).  

Still, the lonely individuals showed a preference for their closer other compared to the 

stranger. This preference could indicate that a lonely person rather connects with the close other 

due to the safety of not being emotionally hurt. If so, the problems of reconnecting socially in 

lonely individuals may be eased by focusing on improving social cognition (Inagaki et al., 2015). 

The ventral striatum has also shown to have varied regional brain mass in lonely 

individuals (Sin et al., 2017). Sin et al. (2017) used VBM on lonely older adults. The participants 

in the study suffered from past experiences of depression and severe PSI episodes. The size of 

the ventral striatum was negatively correlated with the more episodes of depression and PSI of 

the participants (Sin et al., 2017). More importantly, Sin et al. (2017) speculated that the lesser 

gray matter was more of a function relating to PSI than of depression.  
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Evidence to strengthen the speculation by Sin et al. (2017) can be found in Cacioppo et 

al. (2009b). Cacioppo et al. (2009b) explored the role of the ventral striatum and social stimuli in 

lonely compared to nonlonely individuals. The difference between the two groups showed that 

lonely participants had lesser activation in the ventral striatum in relation to watching pleasant 

social stimuli in comparison to pleasant objects (Cacioppo et al., 2009b). The ventral striatum 

showed greater activation in nonlonely individuals when viewing the positive social stimuli 

(Cacioppo et al., 2009b). All the 23 female participants were right handed. The stimuli in the 

study varied in valence and social content. The stimuli used is of importance because similar 

studies have seen different results, more on this later.  

D’Agostino, Kattan, and Canli (2018) examined the association between PSI and ventral 

striatum activity. The link between the two was tested on 56 older adults and on 54 younger 

adults. The older age group demonstrated lower levels of PSI as compared with the younger 

participant group (D’Agostino et al., 2018). After the PSI results, the participants completed an 

image task incorporating both social and nonsocial stimuli with varying valence (D’Agostino et 

al., 2018). Using fMRI the results showed no significant relationship between PSI and ventral 

striatum activation when viewing positive social stimuli, nor any other brain region (D’Agostino 

et al., 2018). However, a study by Kanai et al., (2012b) demonstrated that lonely individuals 

have weaker activation in the ventral striatum in regard to pleasant social stimuli as compared to 

pleasant pictures of objects. 

 The contradicting findings surrounding ventral striatum activation and PSI is possibly 

due to sample size or, even more prominently, the methodological issue relating to the stimuli 

presentation. As an example of two different stimuli used for the pleasant social picture is: (1) A 

man and a dog running (Cacioppo et al., 2009b), (2) A woman holding a child (D’Agostino et al., 
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2018). The two stimuli are obviously quite different. Further, if the stimuli are depicting social 

interaction or not may play a huge difference in the ventral striatum activation for lonely 

individuals. In the study conducted by Cacioppo et al. (2009b) the stimuli did not necessarily 

depict a social interaction, further, the stimuli contained either one or two beings. In the study 

conducted by D’Agostino et al. (2018), the stimuli depicted social interaction with between two 

human beings.  

 This leads me to conclude that the research on ventral striatum activity surrounding PSI 

needs both more studies containing more participants, but also, to use stimuli which consistently 

and correctly depict a social interaction. As it seems now, the operational definition of positive 

social interaction is not concise enough to promote reliable results. The results are somewhat 

lenient towards lesser activation in the ventral striatum of lonely individuals compared to 

nonlonely individuals.  

4.2 The Neural Correlates of Isolated Animals 

The research on isolated animals can help us understand the role of Perceived Social 

Isolation (PSI) on the brain. Often, the experiments done on animals are far too invasive to be 

tested on human beings. The research on animals, when applied to the literature on humans 

should, therefore, be carefully examined. Further, according to Cacioppo et al. (2015a) the 

animal and human literature on social isolation have been developed independently. For future 

work, it may help both fields of research to consider both animal and human social isolation 

(Cacioppo et al., 2015a).  

Silva-Gomez et al. (2003) investigated the effects of postweaning social isolation in rats. 

The rats were isolated for 8 weeks in similar but different cages (Silva-Gomez et al., 2003). For 

comparison, a control group consisting of socially reared rats were also included (Silva-Gomez 
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et al., 2003). The socially isolated rats were held alone for 8 weeks. After the initial isolation 

period, the rat brains were examined. The rats who were socially isolated, as compared to the 

nonisolated rats, showed significantly less dendritic density in the prefrontal cortex and the 

hippocampus (Silva-Gomez et al., 2003). Following up on this, a study examined the cognitive 

effects of running in socially isolated rats, versus rats running in a group. The rats, no matter 

what group condition demonstrated that the exercise stimulated neurogenesis in the rat brain 

(Stranahan, Khalil, & Gould, 2006). However, when the socially excluded rats exercised the 

positive neurogenesis was not observed or severely delayed (Stranahan et al., 2006). The isolated 

rats showed a negative influence of glucocorticoid levels in their hippocampus (Stranahan et al., 

2006). Stranahan et al. (2006) argue that the influence of glucocorticoid in the hippocampus 

might be the reason why the isolated rats didn’t show any neurogenesis (Stranahan et al., 2006). 

These results could indicate that PSI may not only be detrimental to our cognitive functioning 

but may also act as a suppressant for the positive benefits of exercise (Stranahan et al., 2006) 

The hippocampi of rats seem to be especially negatively affected by social isolation. 

Lapiz et al. (2003) demonstrated that isolated rats had less release of noradrenaline in the 

hippocampus in response to a stressor. Further, isolated rats show enhanced presynaptic 

dopamine functioning in the amygdala (Lapiz et al., 2003). Lapiz et al. (2003) argue that these 

neurotransmitters changes could be why rats show an exaggerated response to novel stimuli. This 

also gives some insight into how hypervigilance may affect the lonely brain of human beings. 

Lapiz et al. (2003) also argue that the difference in neurotransmitters might partly underlie 

schizophrenia, as previous studies have demonstrated a correlation between schizophrenia and 

loneliness.  
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 The myelination in the prefrontal cortex of socially isolated mice was examined by Liu et 

al. (2012). The study compared the isolated mice with socially reared mice. After the initial 

isolation period, the isolated mice were reintroduced to other mice (Liu et al., 2012). The isolated 

mice, compared to the socially reared mice spent less time interacting with other mice (Liu et al., 

2012). Further, the isolated mice exhibited thinner myelination in the prefrontal cortex along 

with less protein and less myelin gene transcripts in the prefrontal cortex (Liu et al., 2012). The 

mice were only isolated for two weeks (Liu et al., 2012).  

 Social isolation has been shown to decrease the brain derived neurotrophic factor in mice 

(Berry et al., 2012). Brain derived neurotrophic factor is a protein which is known for neuronal 

growth in the brain (Numakawa et al., 2010) According to Berry et al. (2012), social isolation 

causes both anxiety and depression symptoms in which brain derived neurotrophic factor is the 

mediating factor for these symptoms. In another study examining the effects of brain derived 

neurotrophic factor in isolated rats as opposed to mice, it was demonstrated that the reduction in 

brain derived neurotrophic factor was localized only in the hippocampus (Scaccianoce et al., 

2006).  

 Isolating rodents have profound effects on their brains, they have worse myelination in 

the prefrontal cortex, decreased brain derived neurotrophic factor, especially in the hippocampus, 

have less release noradrenaline in the hippocampus, less dendritic density in the prefrontal 

cortex, and less neurogenesis. In sum, the isolated rodent brain can be argued to be slower, 

especially in learning, as the hippocampus is severely affected. An idea is that being social is the 

social mammal’s baseline, as being on the edges of social groups is linked with increased risks of 

death (Cacioppo et al., 2015a). Social interaction is needed for the brain to act salubrious, most 
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likely due to survival (Cacioppo et al., 2015a). Thus, I assume that, like sleep is necessary for the 

brain to be healthy, feeling connected may share many of the same necessities. 

5. Reducing Perceived Social Isolation 

The first step in providing help for individuals suffering from Perceived Social Isolation 

(PSI) is to be aware of the different categories of PSI. These categories, intimate, relational or 

collective PSI, help us clarify what we are talking about. It is of importance to make a distinction 

between Objective Social Isolation (OSI) and PSI. OSI and PSI are fundamentally different 

concepts (Coyle & Dugan, 2012). A person with a lot of friends may be lonelier than the person 

with very few friends. Further, the symptoms of PSI are easily confused with the symptoms of 

depressions (Cacioppo et al., 2015b) as they share many of the same characteristics, are 

correlated, but are different constructs (Cacioppo, Hughes, Waite, Hawkley, & Thisted, 2006b). 

Thus, OSI can lead to PSI which can lead to depression. Therefore, a good first step is to 

surround yourself with people in combating both depression and PSI. In an attempt to reduce 

depressive symptoms as caused by PSI, the results have shown to be modest (Mead, Lester, 

Chew-Graham, Gask, & Bower, 2010). However, people who are active in an online game 

community show reduction in PSI in game as compared to out of the game (Martončik & Lokša, 

2016). The reduction of PSI in game was dependent on factors such as if the players engaged in 

social behavior within the game (Martončik & Lokša, 2016). This further strengthens the idea 

that reducing PSI is not so much about physically being around others, but to share a social 

group and a common community or objective with others.  

It has been noted that lonely individuals often suffer from maladaptive cognitive thoughts 

such as attentional biases and cognitive biases (Cacioppo & Hawkley, 2009). These biases can, in 

turn, further the isolation of the individual. In a meta-analysis of different interventions for PSI, 
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it was found that the most successful studies in reducing PSI were aimed at fixing maladaptive 

social cognition (Masi, Chen, Hawkley, & Cacioppo, 2010). What Masi et al. (2010) found about 

social cognition seems to be in line with the findings of PSI in this thesis. The selfish gene 

constantly tries to survive, even in social settings, if the brain has trouble in trusting the social 

setting the brain becomes hypervigilant (Cacioppo & Hawkley, 2009). Hypervigilance helps us 

survive, but it also makes us very suspicious of social stimuli (Cacioppo et al., 2015b). The 

social stimuli can further expand our maladaptive social cognitive processes. And even though 

we might like our newly met friend, the behavior we expose towards the friend might be 

completely different.  

The hypervigilance of lonely individuals creates problems in making new friends, 

therefore, interventions aimed at improving social skills should be more beneficial in reducing 

PSI (Stevens, Martina, & Westerhof, 2006). A 12 week program for lonely individuals focused 

on improving self esteem, social skills and learning how friendships work. One year after the 

program, the participants of the program showed a significant reduction in PSI when compared 

with the starting week (Stevens, Martina, & Westerhof, 2006). According to Cacioppo et al. 

(2006b), poor social skills isn’t necessarily prevalent in lonely individuals. Rather, lonely 

individuals blame their poor social skills as a defense mechanism for being lonely (Cacioppo et 

al., 2006b). Again, it can be argued that lonely individuals perceive or down rate their own 

capabilities with cognitive biases. There could potentially be other mechanisms, such as 

oxytocin, underlying these behavioral cognitive biases.  

5.1 The relationship between Oxytocin and Perceived Social Isolation 

According to Cacioppo and Hawkley (2009) Perceived Social Isolation (PSI) are linked 

with trust issues. If PSI truly changes the brain, it could also have hormonal changes. The love 
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hormone as it’s known, or oxytocin, have been linked to different social behavior such as 

attachment (MacDonald & MacDonald, 2010) and pair bonding (Ross et al., 2009). Further, 

increased levels of oxytocin have been linked to positive social interactions (Heinrichs, 

Baumgartner, Kirschbaum, & Ehlert, 2003). Thus, one can assume that a decrease in oxytocin 

can be found in lonely individuals as the symptoms of PSI are related to trust issues and 

decreased positive social interactions (Cacioppo & Hawkley, 2009; Hawkley, Preacher, & 

Cacioppo, 2007). According to Lucht et al. (2009), oxytocin does seem to be associated with PSI. 

Oxytocin has been shown to increase autonomic cardiac control in healthy individuals (Norman 

et al., 2011). However, PSI was related to diminished effects of oxytocin on the autonomic 

cardiac control. This means that lonely individuals might be less responsive towards the effects 

of oxytocin, at least in controlling for cardiac control (Norman et al., 2011). The question is if 

PSI is related to decreased effects of oxytocin elsewhere. In a study examining the effects of PSI 

and oxytocin, it was found that a variant of an oxytocin receptor gene was linked to higher levels 

of PSI (Roekel et al., 2013). The association, however, was only observed in girls with a specific 

allele type (Roekel et al., 2013).  

Cacioppo et al. (2015b) argue for the use of pharmacological oxytocin treatment to 

relieve PSI. The animal research of social isolation has seen promising results in adapting 

oxytocin pharmacological strategies. The literature on PSI and human beings have also been 

shown to be able to predict changes in PSI (Gouin, Pournajafi-Nazarloo, & Carter, 2015). 

Qualities of each relationship we have, in terms of perceived social support and perceived 

satisfaction, depends on our baselines oxytocin levels (Gouin et al., 2015) Oxytocin predict how 

we perceive our relationships and the social support we get, this indicates that oxytocin can 

affect our perception of our relationship qualities (Gouin et al., 2015). However, Norman et al. 
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(2011) found that oxytocin may have diminished effects on reducing PSI, as it was noted that 

lonely individuals showed a reduced effect of oxytocin inhalation on the parasympathetic 

nervous system. Oxytocin may be interesting in future research in helping individuals perceive 

relationships more qualitative. Speculative, oxytocin may help reduce the negative effects of 

hypervigilance where the individual feels that trust is an issue. In line with this speculation, it has 

been shown that oxytocin may act positively on trustworthiness (Theodoridou, Rowe, Penton-

Voak, & Rogers, 2009).  

Based on the findings here it is fair to assume that PSI does affect the role of oxytocin or 

vice versa. I speculate that the relationship between oxytocin and PSI could, in turn, lead the 

individual to have less positive interactions and less secure attachments styles which would 

further isolate the individual. If this is true, lonely individuals might benefit from engaging in 

activities which naturally increases their levels of oxytocin. However, since most of the current 

literature on oxytocin has focused on the positive social interactions, rather than on PSI, it is hard 

to draw any conclusions (Cacioppo et al., 2009b). The effects of oxytocin on PSI may partly be 

due to genetics as explained by Goossens et al. (2015). Thus, some individuals may be more 

prone to PSI due to oxytocin levels. When more research on the role of oxytocin and PSI 

emerges, it may be beneficial to treat PSI like we treat depression, through therapy and 

pharmacology.  

6. Discussion 

The aim of this theoretical thesis was to investigate the neural correlates of Perceived 

Social Isolation (PSI), as distinguished from Objective Social Isolation (OSI). In the thesis, I 

used the social brain model as a basis to better explain what happens to the brain when suffering 

from PSI. Also, in this thesis, I explored how PSI can be treated. 
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 In this thesis, I found that PSI, unrelated to OSI is associated with adverse health risks 

(Holt-Lunstad et al., 2015). Further, the adverse health risks of PSI seems to have many causes, 

one of them is that PSI acts on different cellular responses, as opposed to OSI, (Cacioppo et al., 

2015a; Holt-Lunstad et al., 2015). Further, studies have estimated that 48-55% of the population 

are more prone to PSI, as caused by heritable traits (Boomsma et al., 2005; McGuire & Clifford, 

2000). Thus, PSI can be distinguished from OSI more objectively by these different health 

markers and traits.  

 Evidence for hypervigilance towards social stimuli was found in individuals with PSI, 

which showed a faster response towards socially negative stimuli, a preference to engage in 

positive social stimuli over negative social stimuli, have less prosocial behavior as compared to 

controls. PSI also demonstrated an overall higher motivation to connect with social groups, 

especially towards positive stimuli (Cacioppo et al., 2015c; Twenge et al., 2007; Maner et al., 

2007; Vanhalst et al., 2017).  

The heritability of PSI along with the cognitive effects of hypervigilance suggests that 

PSI is not a vestigial trait as argued by Weiss (1973). Rather, PSI gives us behavioral changes 

which can be either good or bad for our social life or help us by reconnecting with new positive 

relationships. 

 In the thesis, I used the social brain as a model to investigate the neural correlates of PSI. 

Thus, I expected the social brain to be affected by PSI. Results showed that the social brain was 

affected by PSI to a certain extent. PSI was correlated with negative activation in the right 

amygdala, the subgenual region of the anterior cingulate cortex, the insula, the temporoparietal 

junction and the medial prefrontal cortex (Cacioppo et al., 2009b). The lower activation of the 
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amygdala could indicate that the lonely brain is more careful when judging facial expressions, as 

the amygdala has been linked to fearful faces (Morris et al., 1996).  

The subgenual regions of the anterior cingulate cortex have been linked to 

neuroendocrine responses of reward, fear, and stress (Drevets et al., 2008). Thus, the lesser 

activation in the subgenual region of the anterior cingulate cortex may represent a form of 

unconscious defense in where the lonely brain becomes blunt towards social stimuli. Lower 

levels of insula activation have been linked to avoidant attachment styles (DeWall et al., 2011). 

Meanwhile, both the medial prefrontal cortex and the temporoparietal junction is associated with 

theory of mind (Amodio, & Frith, 2006; Kanai et al., 2012a), and showed lower activation in 

individuals with PSI (Cacioppo et al., 2009b). This suggests that individuals with higher PSI use 

less theory of mind, especially towards negative social stimuli (Kanai et al., 2012a). PSI 

individuals also showed more activation in the medial prefrontal cortex when viewing objects, 

compared to social stimuli (Powers et al., 2011). Powers et al. (2011) speculate that PSI may 

create trouble in forming impressions of others, or as with the temporoparietal junction, have 

more difficulty using theory of mind in social situations.  

There were several brain areas not relating to the social brain model which was found in 

studies examining PSI. Brain regions not relating to the social brain model which elicited 

activation in lonely individuals was the following: The ventral striatum (Cacioppo et al., 2009b; 

Inagaki et al., 2015), prefrontal cortex, associative visual cortex, parahippocampal gyrus, 

supramarginal gyrus, and the dorsolateral prefrontal cortex (Cacioppo et al., 2015c). Cacioppo et 

al. (2015c) argue that these regions are related to self-centeredness, threat detection, and 

attention. These findings could indicate that PSI is more widespread than the regions of the 

social brain model. It makes sense that PSI affects not only the social brain, considering the 
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behavioral effects of both the motivation to reconnect and the hypervigilance in individuals with 

PSI. However, the results can also indicate errors in internal validity. Controversially, I found 

contradicting evidence for the ventral striatum and PSI. My interpretation of the contradicting 

findings lies in the different use of stimuli. Individuals with PSI will most likely have increased 

activation in the ventral striatum when viewing pictures of close others (Inagaki et al., 2015), 

while showing lesser or no activation when viewing random others (D’Agostino et al., 2018).  

Studies exploring the functional connectivity of PSI have shown strengthened 

connections between the bilateral insula and the frontoparietal operculum, the anterior cingulate 

cortex and the presupplementary motor area, the right central operculum and the right 

supramarginal gyrus (Layden et al., 2017), superior frontal gyrus and the limbic area, the left 

globus pallidus with the temporal and occipital regions (Wong et al., 2016). Further, weaker 

connections were found between the amygdala and the superior frontal gyrus (Wong et al., 

2016).  

Brain areas relating to social exclusion included stronger activation in the anterior 

cingulate cortex (Eisenberger et al., 2003) and weaker activation the dorsomedial prefrontal 

cortex (Powers et al., 2011). The greater activation in the anterior cingulate cortex could be a 

reference to error detection, while the weaker connection of the dorsomedial prefrontal cortex 

may represent a preference for engaging in positive social mentalization.  

The recruited brain areas operate on both attentional networks (Layden et al., 2017) and 

on emotional networks (Kong et al., 2014). For example, lonely individuals showed a weaker 

connection between the amygdala and the superior frontal gyrus (Wong et al., 2016). 

Speculative, this weakened connection might be related to decreased ability to learn 
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trustworthiness in others, as the amygdala is connected to judging trustworthiness (Adolphs et 

al., 1998) and the superior frontal gyrus to working memory (Boisgueheneuc et al., 2006).  

In examining the idea that the social brain of lonely individuals is weakened, or smaller, 

this thesis found some evidence to suggest this. Results from individuals suffering from PSI 

indicate that the brain varies compared to healthy participants. I found that results corresponding 

with the social brain model existed of differences in the right amygdala, the subgenual region of 

the anterior cingulate cortex, the insula, temporoparietal junction and the medial prefrontal 

cortex was found to be affected in lonely individuals (Cacioppo et al., 2009b). The fact that PSI 

reduces activation in the temporoparietal junction, which is linked to theory of mind is 

interesting. Cacioppo et al. (2009b) speculate that individuals with lower PSI more often take 

into consideration other people. Further, PSI seems to cause a decrease in the gray matter, 

specifically in the left caudate, the left pallidum, the left posterior superior temporal sulcus, the 

left putamen, the ventral striatum, the middle temporal gyrus, and the entorhinal cortex (Kanai et 

al., 2012a; Kanai et al., 2012b; Sin et al., 2017). But also, an increase in gray matter in the 

dorsolateral prefrontal cortex (Kong et al., 2014). The decreased gray matter in the caudate, 

putamen, and pallidum is according to Sin et al. (2017) associated with decreased ability to learn 

social reward. These areas, along with the ventral striatum is speculated to reflect a blunted 

response towards social motivation in individuals with PSI (Sin et al., 2017). Meanwhile, the 

superior posterior superior temporal sulcus is associated with the ability to recognize eye gaze 

and predicting social cues (Kanai et al., 2012a). The entorhinal cortex and the middle temporal 

sulcus are according to Kanai et al. (2012b) linked to associative memory and social perception. 

The downplayed associative memory and social perception are argued to be associated with the 

ability to build and maintain large social networks (Kanai et al., 2012b).  
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Interestingly, the animal research on social isolation found the regions of the 

hippocampus and prefrontal cortex to be affected (Silva-Gomez et al., 2003; Stranahan et al., 

2006). Specific regions of the prefrontal cortex are mentioned to be affected in literature of the 

human PSI, such as the medial prefrontal cortex. However, no major findings to my knowledge 

have been made on the hippocampus and PSI. Further, the animal studies demonstrated that 

socially isolated mice spent less time interacting socially after being reintroduced to the social 

group (Liu et al., 2012). According to Wong et al. (2016), PSI can lead to an increase in avoiding 

social settings. Further, the brain derived neurotrophic factor was negatively correlated with 

social isolation in mice (Berry et al., 2012; Scaccianoce et al., 2006). To my knowledge, there is 

no evidence for reductions in brain derived neurotrophic factor in humans with PSI. However, 

based on the animal studies, and the general depression that PSI seems to cause, it would be fair 

to assume a hypothesis with reduced brain derived neurotrophic factor in humans in relation to 

PSI.   

Overall the results indicate that PSI is not confined to the social brain. There is evidence 

to suggest that PSI influences both the social brain, but also attention, memory, emotion, and 

cognitive control. However, the primarily used stimuli for exploring PSI are pictures of both 

persons and objects of varying valence. The results are thus limited to the difference between the 

four different stimuli. The stimuli can give rather circular results in that PSI is a phenomenon 

related to the social world, and being away from the social world would surely produce similar 

results. Based on the idea that PSI seems to affect not only the social brain, I propose that studies 

on PSI should include more tasks on cognition. As an example, does PSI affect decision making, 

scholar results, or attention in cognitive tasks. Moreover, it is reasonable to assume that the 

social brain model is not enough to justify the complete social world of humans. 
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Another important key missing in the research of PSI is the component of time. Being 

lonely for 10 years compared to a month will surely have different outcomes on the brain. 

Further, the observed changes in the brain from PSI could potentially be mitigated by the right 

types of interventions. It is not as simple to say that PSI is a concept which follows the “use it or 

lose it” principle. Rather, PSI affects regions of both the social brain and the rest of the brain. 

How long it does take to see regional brain changes with both imaging techniques and through 

behavioral changes is still unknown. The animal literature gives us some indication that as little 

as 2 to 8 weeks of isolation is enough to cause changes in the brain of rats and mice (Liu et al., 

2012; Silva-Gomez et al., 2003). While we have no indicators to argue that the human brain 

suffers from 2 to 8 weeks of isolation, we do know that the more lonely episodes you have been 

through, the more the brain suffers (Sin et al., 2017). As Cacioppo et al. (2015b) argue, the first 

thing to do to combat PSI is to raise awareness. Too often, PSI is wrongly diagnosed and 

mistaken for depression (Cacioppo et al., 2015b). There needs to be better knowledge 

surrounding PSI and also on the distinctions between PSI, OSI, and depression.  

6.1 Conclusion 

In this thesis, I aimed to investigate the neural correlates of Perceived Social Isolation 

(PSI) as distinguished from Objective Social Isolation (OSI). PSI is dependent on the perceived 

quality of relationships rather than the quantity, and the actual relationships. The social brain 

model was used as a supplement for understanding how PSI affects the neural correlates. The 

results showed that PSI is very much distinguishable from OSI through differences in health 

risks and cellular responses. The animal literature on social isolation mainly showed negative 

changes in the prefrontal cortex and the hippocampus, which was not found in humans suffering 

from PSI. Further, PSI increases the motivation to socially reconnect and increases the implicit 
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attention towards social stimuli. The effect of PSI was not confined to the social brain. Both 

attentional and emotional networks showed lesser activation in PSI individuals. PSI also affected 

the ventral striatum, even if the results were contradicting. In reducing PSI it is beneficial to be 

around others in order to increase the likelihood of finding a social connection, while also 

improving social cognition to counteract the negative effect of PSI. 
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