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Abstract

Research in social epidemiology suggests that the absence of positive social relationships is a

significant risk factor for broad-based morbidity and mortality. The nature of these social

relationships and the mechanisms underlying this association are of increasing interest as the

population gets older and the health care costs associated with chronic disease escalate in

industrialized countries. We review selected evidence on the nature of social relationships and

focus on one particular facet of the connection continuum – the extent to which an individual feels

isolated (i.e., feels lonely) in a social world. Evidence indicates that loneliness heightens

sensitivity to social threats and motivates the renewal of social connections, but it can also impair

executive functioning, sleep, and mental and physical well-being. Together, these effects

contribute to higher rates of morbidity and mortality in lonely older adults.

Individualism and autonomy have long been celebrated in western cultures (e.g., Markus &

Kitayama, 1991). People used to think that infants required only their materialistic needs to

be addressed, and the view that physical needs (compared to social needs) are of primary

importance in older adults remains widely held today. The biological fact remains that we

are fundamentally a social species, and our nature is to recognize, interact, and form

relationships with conspecifics. Substantial evidence has accumulated to suggest that social

relationships are important for mental and physical well-being across the lifespan. Our

purpose here is to provide an overview of social relationships and the effects of feeling

socially isolated on people’s health and welfare.

The ability to discriminate hostile from hospitable external stimuli, and especially friend

from foe among conspecifics, is crucial for survival and reproductive success. Social

recognition and the formation, orchestration, and maintenance of social relationships

represent a surprisingly complicated set of activities. The demands of social living include

(a) learning by social observation; (b) recognizing the shifting status of friends and foes; (c)

anticipating and coordinating efforts between two or more individuals; (d) using language to

communicate, reason, teach, and deceive others; (e) orchestrating relationships, ranging

from pair bonds and families to friends, bands, and coalitions; (e) navigating complex social

hierarchies, social norms, and cultural developments; (f) subjugating self-interests to the

interests of the pair bond or social group in exchange for the possibility of long-term
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benefits; (g) recruiting support to sanction individuals who violate group norms; and (h)

doing all this across time frames that stretch from a person’s distant past to multiple possible

futures (Dunbar, 2003; Dunbar & Shultz, 2007). The social structures we build as a species

have evolved hand in hand with neural, hormonal, genetic, and molecular mechanisms to

support them because the consequent social behavior helped us survive, reproduce, and

ensure a genetic legacy.

The Conceptualization and Measurement of Social Relationships

Researchers traditionally tended to focus on the physical environment when investigating

factors influencing health. This focus has broadened in the last few decades to include the

possibility that features of one’s social relationships not only impact health behaviors but

might also have direct effects on the brain, biology, and health (e.g., Cacioppo, Berntson,

Sheridan, & McClintock, 2000; Insel & Fernald, 2004). One of the challenges to investigate

the role of social relationships on health is to define and quantify a construct as complicated

and varied as “social relationships”. We begin this section with a brief review to illustrate

approaches to thinking about and quantifying human social relationships.

Social network analyses focus on objective characteristics of a person’s relationships.

Specifically, each person’s social relationships are viewed in terms of network theory, with

each individual constituting a node and the relationship between individuals constituting a

tie (Scott, 1991). The emphasis is on relational data (how one individual relates to another)

rather than attribute data (beliefs, attitudes, perceptions, or characteristics of an individual).

Because relational data are defined as characteristics of a system of individuals, not of

individuals (Scott, 1991), social network analysis typically ignores a person’s perceptions

and quantifies the connections between individuals in terms of their objective roles,

frequency of contact, or obligatory ties that connect people (cf. Cacioppo, Fowler, &

Christakis, 2009). Social network analysis provides a means of measuring (a) local and

global arrangements or patterns of individual characteristics, such as homophily (the extent

to which connected individuals are similar on some salient attribute such as age, gender, or

status); (b) the location of influential individuals, such as centrality (defined in various ways

to capture the impact of an individual or group on others in a social network); and (c)

network dynamics, such as structural cohesion (the minimum number of people in a social

network who would dissolve a group if removed).

Social network analyses can be contrasted with approaches that emphasize attribute data to

produce each individual’s relational mapping. An early example of this approach is Heider’s

(1946, 1958) balance theory, which was developed to specify a person’s internal mapping of

the world (i.e., cognitive system), the conditions for equilibrium and disequilibrium among

cognitive elements and the effects of disequilibrium on a cognitive system. That is, Heider

emphasized a person’s internal mapping of elements of knowledge into cognitive systems,

including the internal mapping of a person’s social systems. For instance, Heider labeled the

elements of a triadic system as p, which represented the participant or self; o, which

represented another person; and x, which represented some issue, stimulus, event, or another

person. Heider described two relations that p might perceive as existing between any of the

two of these elements. The first he termed a sentiment relation, which reflected the value of
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the connection. For instance, if p liked o, then the sentiment relation was positive. The

second relation discussed by Heider is the unit relation, which designates the extent to which

two elements are perceived as being associated or dissociated. The roles of husband and

wife constitute a positive unit relation. As noted, sentiment and unit relations reflect p’s

perceptions of the connections of p, o, and x. If p perceived the marriage to o as constituting

or requiring a relationship but p had grown to dislike o, then the bonds between p and o

would consist of a positive unit relation and a negative sentiment relation – an imbalanced

state that Heider predicted would constitute a relatively instable and unpleasant connection.

A variation of this approach, advanced by Uchino and colleagues (see review by Uchino,

2013), examines the effects on health of a given bivalent sentiment bond (e.g., mild liking)

toward a partner that represents either low (e.g., mild positive regard and no negative

feelings) or high (e.g., very strong positive regard and strong negative feelings) level of

ambivalence toward that partner (cf. Cacioppo & Berntson, 1994).

Alan Fiske (1992) proposed that four elementary relational models exist across human

cultures: communal sharing, authority ranking, equality matching, and market pricing. Fiske

(1992, p. 689) suggested that

People construct complex and varied social forms using combinations of these

models implemented according to diverse cultural rules. People’s chief social

conceptions, concerns, and coordinating criteria, their primary purposes and their

principles, are usually derived from the four models; they are the schemata people

use to construct and construe relationships. This means that people’s intentions

with regard to other people are essentially sociable, and their social goals inherently

relational: People interact with others in order to construct and participate in one or

another of the four basic types of social relationships.

A communal sharing relationship is characterized by an equivalence relation and has the

properties of reflexivity, symmetry, and transitivity. The individuals in the dyad or group are

treated as equivalent and undifferentiated, and the focus is on the similarities between

individuals, not on individual identities. The equivalence relation is not fixed, however, and

can vary as purposes or goals change.

Fiske characterized an equality matching relationship in terms of the equivalence of the

inputs and outputs between individuals. The equality matching relationship is similar to

what Clark and Mills (1979) called an exchange relationship, defined by the conferral of a

provision or benefit to another that is contingent on specific and timely repayments

consisting of benefits of comparable value. As Fiske (1992) noted,

Acquaintances and colleagues who are not intimate often interact on this basis:

They know how far from equality they are, and what they would need to do to even

things up (p. 691).

An authority ranking relationship is characterized in terms of an asymmetry among

individuals who are ordered along some linear, hierarchical social dimension. Authority

relationships are reflexive, transitive, and antisymmetric. Individuals higher in rank have

status, prerogatives, and privileges, whereas subordinates are typically entitled to protection

and care. Fiske’s(1992) formulation provides a detailed depiction of social relationships that
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is pan-cultural and predictive of certain aspects of interpersonal behavior, but more work is

needed to determine to what extent (and, if so, specifically how) these different types of

relationships have direct effects on people’s brain, biology, and health.

To summarize thus far, social relationships have objective and subjective characteristics, and

each aspect of social relationships is complex and varied. Among the most fundamental

characteristics of social relationships are the extent to which an individual is socially

isolated (objective isolation) and the extent to which the individual feels socially isolated

(subjective isolation). Animal studies have focused on the former, whereas studies in

humans have quantified both (Cacioppo, Hawkley, Norman, & Berntson, 2011). In animal

studies, participants are randomly assigned to social isolation or normal social conditions. In

studies of people, participants typically are not randomly assigned to social isolation or

normal conditions but rather measurements are made of their objective and perceived social

isolation. That is, people exert some choice and control over the extent to which they are

objectively socially isolated.

Various measures have been developed to assess objective and subjective social isolation in

humans. Objective isolation, for instance, has been measured by assigning one point for

each of the following: (a) unmarried/not-cohabiting; (b) had less than monthly contact

(including face-to-face, telephone, or written/e-mail contact) with one’s children; (c) had

less than monthly contact with other family members; (d) had less than monthly contact

(including face-to-face, telephone, or written/e-mail contact) with friends; and (e) did not

participate in organizations such as social clubs or resident groups, religious groups, or

committees (e.g., Steptoe et al., 2013). Scores range from 0 to 5, with higher scores

indicating greater objective social isolation.

Perceived social isolation, known more colloquially as loneliness, was characterized in early

scientific investigations as “a chronic distress without redeeming features” (Weiss, 1973, p.

15). Various questionnaire measures of loneliness exist, most of which avoid the word

“lonely” or “loneliness” and instead rely on statements that have been found to differentiate

between lonely and nonlonely individuals, such as “My social relationships are superficial”

(see Russell, 1996; Russell, Peplau, & Cutrona, 1980). A variety of events in the social

environment – ranging from homesickness, bereavement, and unrequited love to social

rejection or isolation over which one has little or no control – can affect a person’s feelings

of loneliness (Cacioppo & Patrick, 2008).

Each conceptualization and measurement of social relationships described above highlights

a specific aspect of the connection between conspecifics. There is also some overlap among

these depictions. For instance, Fiske’s (1992) communal sharing relationship has much in

common with what Clark and Mills (1979) called a communal relation, defined as the

noncontingent (or relatively noncontingent) conferral of a provision or benefit to another

based on a concern for the other’s welfare (cf. Clark & Mills, 2012). Objective and

subjective isolation are also related, especially when a person has little or no control over the

social environment, as when an older adult becomes disabled (Hawkley et al., 2008).

Although both objective and subjective isolation have been found to impact health, the

pathways through which such effects occur are somewhat different. In the remainder of this
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review, we focus on work showing that the extent to which an individual feels socially

isolated (i.e., loneliness) predicts not only morbidity and mortality but also several specific

deleterious physiological processes above and beyond what can be predicted by objective

isolation.

Perceived Absence of Social Connection (Loneliness) and Health

The presence of stable bonds among conspecifics is a defining characteristic of social

species. It should perhaps not be surprising that the absence of these connections threatens

the health, life, and genetic legacy of members of many different social species. For

instance, social isolation has been shown to decrease the lifespan of the fruit fly,

Drosophilia melanogaster (Ruan & Wu, 2008); promote the development of obesity and

type 2 diabetes in mice (Nonogaki, Nozue, & Oka, 2007); exacerbate the infarct size and

edema and decrease post-stroke survival rate following experimentally induced stroke in

mice (Karelina et al., 2010); delay the positive effects of running on adult neurogenesis in

rats (Stranahan, Khalil, & Gould, 2006); increase the activation of the sympathetic

adrenomedullary response to acute stressors in rats (Dronjak, Gavrilovic, Filipovic, &

Radojcic, 2004); decrease the expression of genes regulating glucocorticoid response in the

frontal cortex of piglets (Poletto, Steibel, Siegford, & Zanella, 2006); decrease open field

activity, increase basal cortisol concentrations, and decrease lymphocyte proliferation to

mitogens in pigs (Kanitz, Tuchscherer, Puppe, Tuchschere, & Stabenow, 2004); increase

morning rises in cortisol in squirrel monkeys (Lyons, Ha, & Levine, 1995); and elevate 24

hr urinary catecholamines and oxidative stress in the Watanabe heritable hyperlipidemic

rabbit (Nation et al., 2008).

Humans are born to one of the longest periods of dependency of any species and are

dependent on conspecifics across the lifespan to survive and prosper. Perhaps not

surprisingly, humans do not fare well, either, whether they are confined to solitary living or

they simply perceive that they live in relative isolation. In a nationally representative sample

of 2010 US adults aged 50 years and over from the 2002 to 2008 waves of the health and

retirement study, we estimated the effect of loneliness at one time point on mortality over

the subsequent 6 years and investigated social relationships, health behaviors, and morbidity

as potential mechanisms through which loneliness affects mortality risk among older

Americans (Luo, Hawkley, Waite, & Cacioppo, 2012). We operationalized morbidity as

depressive symptoms, self-rated poor health, and functional limitations; and we

conceptualized the relationships between loneliness and each measure of morbidity as

reciprocal and dynamic. We found that feelings of loneliness were associated with increased

mortality risk over a 6-year period. Importantly, the association between loneliness and

mortality was not explained by objective features of social relationships (e.g., marital status)

or by health behaviors. In cross-lagged panel models that tested the reciprocal prospective

effects of loneliness and morbidity, loneliness both affected and was affected by depressive

symptoms and functional limitations over time, and it had marginal effects on later self-rated

health. Higher rates of morbidity and mortality in lonely than nonlonely older adults have

also been reported by other investigators (e.g., Caspi, Harrington, Moffitt, Milne, & Poulton,

2006; Eaker, Pinsky, & Castelli, 1992; Holt-Lunstad, Smith, & Layton, 2010; Olsen, Olsen,
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Gunner-Svensson, & Waldstrom, 1991; Patterson & Veenstra, 2010; Perissinotto, Stijacic, &

Covinsky, 2012; Seeman, 2000; Thurston & Kubzansky, 2009).

Loneliness makes people feel sad (Cacioppo et al., 2006), and loneliness and depressive

symptomatology have sometimes been conflated (cf. Booth, 2000; Cacioppo, Hawkley, &

Thisted, 2010). We investigated the prospective associations between loneliness and

depressive symptomatology in the Chicago Health, Aging, and Social Relations Study

(CHASRS), a population-based, ethnically diverse sample of 229 men and women who were

50–68 years old at study onset (Cacioppo et al., 2010). Cross-lagged panel models were used

in which the criterion variables were loneliness and depressive symptoms, considered

simultaneously. We used variations on this model to evaluate the possible effects of gender,

ethnicity, education, physical functioning, medications, social network size, neuroticism,

stressful life events, perceived stress, and social support on the observed associations

between loneliness and depressive symptoms. Cross-lagged analyses indicated that

loneliness predicted subsequent changes in depressive symptomatology, but not vice versa,

and that this temporal association was not attributable to demographic variables, objective

social isolation, dispositional negativity, stress, or social support.

Loneliness has also been found to be a risk factor for increased vascular resistance and blood

pressure (Cacioppo, Hawkley, Crawford, et al., 2002; Hawkley, Burleson, Berntson, &

Cacioppo, 2003; Hawkley, Masi, Berry, & Cacioppo, 2006; Hawkley, Thisted, Masi, &

Cacioppo, 2010), metabolic syndrome (Whisman, 2010), fragmented sleep (Cacioppo,

Hawkley, Berntson, et al., 2002; Hawkley, Preacher, & Cacioppo, 2010; Jacobs, Cohen,

Hammerman-Rozenberg, & Stessman, 2006; Kurina et al., 2011), increased hypothalamic

pituitary adrenocortical activity (Adam, Hawkley, Kudielka, & Cacioppo, 2006; Cacioppo,

Ernst, et al., 2000; Doane & Adam, 2010; Glaser, Kiecolt-Glaser, Speicher, & Holliday,

1985; Steptoe, Owen, Kunz-Ebrecht, & Brydon, 2004), altered gene expression indicative of

decreased inflammatory control and increased glucocorticoid insensitivity (Cole, Hawkley,

Arevalo, & Cacioppo, 2011; Cole et al., 2007), diminished immunity (Dixon et al., 2006;

Glaser, Evandrou, & Tomassini, 2005; Kiecolt-Glaser et al., 1984; Pressman et al., 2005;

Straits-Troester, Patterson, Semple, & Temoshok, 1994), and diminished impulse control

(cf. Cacioppo & Hawkley, 2009). Included in the documentation of these associations are

longitudinal as well as cross-sectional studies and evidence that the association with

loneliness holds even when controlling for other risk factors such as marital status,

frequency of contact with friends and family, depression, and social support.

For instance, we used data from CHASRS to test the hypothesis that the effect of loneliness

accumulates to produce greater increases in systolic blood pressure (SBP) over years than

are observed in less lonely individuals (Hawkley, Thisted, et al., 2010). Cross-lagged panel

analyses revealed that loneliness at study onset predicted increases in SBP 2, 3, and 4 years

later. These increases were cumulative such that higher initial levels of loneliness were

associated with greater increases in SBP over a 4-year period. The effect of loneliness on

SBP was independent of age, gender, race or ethnicity, cardiovascular risk factors,

medications, health conditions, and the effects of depressive symptoms, social support,

perceived stress, and hostility.
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Given the danger involved in a social animal being on the social perimeter, the brain has

evolved to monitor the status of one’s social body just as it monitors the status of one’s

physical body (Cacioppo, Cacioppo, & Boomsma, 2013; Cacioppo & Patrick, 2008). Like

physical pain serves as a signal to draw attention and respond to threats or damage to one’s

physical body, the feelings of loneliness serve as a figural signal to draw attention to and

motivate responses to threats or damage to one’s social body (Cacioppo et al., 2013;

Cacioppo & Hawkley, 2009). Early in our history as a species, we survived and prospered

by banding together – in couples, in families, in tribes – to provide mutual protection and

assistance. The aversive feeling of loneliness serves to prompt us to renew the connections

we need to insure survival and to promote social trust, cohesiveness, and collective action.

Hunger, thirst, and physical pain, if ignored, ultimately reduce a person’s ability in the wild

to find and capture food. Loneliness, too, if ignored, can have damaging effects that

contribute to deleterious mental and physical health.

The fact that social isolation has similar neurological and behavioral consequences across

phylogeny demonstrates the importance of the social environment for social species

(Cacioppo, Cacioppo, & Boomsma, 2013; Cacioppo, Cacioppo, & Capitanio, 2013). The

deep evolutionary roots of tilting our brain and biology toward self-preservation also

suggests that much of what is triggered when we feel socially isolated may be nonconscious.

For instance, feeling socially isolated increases our motivation to connect with others, but it

also produces an implicit (nonconscious) hypervigilance for social threats (Cacioppo &

Hawkley, 2009). This, in turn, leads to attentional, confirmatory, and memory biases that

lead us to think and act toward others in a more negative fashion, which in turn can increase

negative interactions with others and fuel our feelings of isolation (Cacioppo, Cacioppo, &

Boomsma, 2013). If so, why might such patterns have evolved?

The effect of loneliness on one’s explicit attention to social stimuli and one’s implicit

attention to social threats has a counterpart in hunger. Hunger increases one’s explicit

attention to and motivation to find food. Not everything that appears edible is safe to eat by

humans, however. Over an evolutionary timescale, our taste buds have developed to be

much more sensitive to bitter (e.g., concentrations on the order of 1:2,000,000) than to sweet

(e.g., concentrations on the order of 1:200). Poisons tend to have a bitter taste, so this

difference in sensitivity has evolved to protect the individual from dangers that arise as a

result of the drive to find food. Interactions with people can also be figuratively poisonous

or nutritious. Becoming more sensitive to social threats when on the social perimeter may

make it more difficult to form better relationships, but it is also more costly to fall victim to

a fatal assault than to forego a friendship that can be pursued another day (Cacioppo,

Cacioppo, & Boomsma, 2013).

Based on this formulation, we reasoned that the end of the day does not necessarily bring an

end to the lonely brain’s high alert state. If it is dangerous to fend off wild beasts with a stick

by oneself, imagine how dangerous it is to lay down to sleep at night when predators are out

and an individual does not have a safe social surround. We therefore investigated whether

lonely days invade the night and found that lonely, compared to nonlonely, college students

showed more microawakenings and less restful sleep. These results could not be explained

in terms of differences in sleep duration, depressive symptomatology, or other risk factors
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(Cacioppo, Hawkley, Berntson, et al., 2002) but instead reflected the lonely brain remaining

relatively vigilant during sleep.

To assess the prospective association between daily feelings of loneliness and subsequent

feelings of daytime dysfunction indicative of poor sleep quality, we tested the older adults

from CHASRS (Hawkley, Preacher, et al., 2010). Specifically, three consecutive end-of-day

diaries were completed by our CHASRS sample. Diary questions probed sleep duration,

daytime dysfunction (e.g., fatigue, low energy, and sleepiness), loneliness, physical

symptoms, and depressed affect experienced that day. Chronic health condition data and

body mass index were also obtained. Autoregressive cross-lagged panel models were used to

examine the magnitude of reciprocal prospective associations between loneliness and

daytime dysfunction. Unstandardized path coefficients adjusted for race/ethnicity, sleep

duration, marital status, household income, chronic health conditions, and health symptom

severity. Analyses revealed that daily variations in loneliness predicted subsequent feelings

of daytime dysfunction, and daytime dysfunction predicted subsequent loneliness, adjusted

for covariates. Loneliness continued to significantly predict subsequent daytime dysfunction

when depressive symptomatology was held constant. The effect of loneliness on daytime

dysfunction was independent of sleep duration, indicating that the same amount of sleep was

less salubrious when individuals felt relatively socially isolated (Hawkley, Preacher, et al.,

2010).

The research on loneliness and poor sleep has used adults across a wide range of ages, but

all have been from urban environments. Our theoretical framework is cast within an

evolutionary context, however (Cacioppo, Cacioppo, & Boomsma, 2013). We therefore

investigated the extent to which loneliness is associated with sleep fragmentation in a

traditional communal agrarian society living in South Dakota (Kurina et al., 2011). Ninety-

five participants wore a wrist actigraph for 1 week to measure sleep fragmentation and sleep

duration, and self-reports were used to measure loneliness, depression, anxiety, stress, and

subjective aspects of sleep. Results showed that loneliness was associated with significantly

higher levels of sleep fragmentation (but no differences in sleep duration) even after

controlling for age, sex, body mass index, risk of sleep apnea, depression, anxiety, and

perceived stress.

Not all forms of social relationships have comparable effects on human loneliness, of course

(Cacioppo & Cacioppo, 2012). For instance, the noncontingent (or relatively noncontingent)

conferral of a provision or benefit to another based on a concern for the other’s welfare may

be an important marker of the extent to which an individual feels relatively safe and

connected to, or isolated and under threat from, others in the social environment. Social

network characteristics are related to loneliness, but people can feel lonely in a marriage,

while leading a company or sitting in a central position in a social network. For instance,

research using relational and attribute data as predictors of the extent to which an individual

feels lonely has shown that relational variables, such as marital status, group memberships,

and frequency of contact with friends and family, are significant predictors, but the

association between these objective relational variables and loneliness have generally been

found to be mediated by an individual’s perceptions of relationship quality (e.g., Hawkley et

al., 2008; Wheeler, Reis, & Nezlek, 1983).
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In sum, humans are fundamentally social organisms. When an individual feels socially

isolated, there is a tendency for the brain to go into a self-preservation mode, with a range of

biological, cognitive, behavioral, and social consequences (see Figure 1). These effects may

have served short-term survival in evolutionary time, but they contribute to morbidity and

mortality in contemporary society in which normal lifespans extend well into the eighth

decade of life.

Concomitants of Loneliness

There is considerable variation in the extent to which individuals form and maintain salutary

social relationships (Cacioppo et al., 2006). In this section, we review evidence that

loneliness is separable from other individual difference predictors. Individual differences in

loneliness have often been analyzed in terms of broad personality traits such as shyness or

introversion (cf. Dill & Anderson, 1999). Whereas introversion refers to the preference for

low levels of social involvement (Eysenck, 1947), loneliness refers to the perception that

one’s social relationships are inadequate in light of one’s preferences for social involvement.

The frequency of time spent alone or social network size, therefore, may reflect low

sociability (introversion) rather than loneliness per se, especially when a person has control

over their relationships (Hawkley et al., 2008). The big five traits and anxiety are also

related to loneliness but are not sufficient to explain the associations outlined above between

loneliness and mental or physical health in population-based samples (Cacioppo et al.,

2006).

Social support, which has received considerable attention in studies of social relationships

and health, is sometimes thought to be synonymous with or to subsume loneliness.

However, social support and loneliness are also functionally and stochastically distinct

(Cacioppo et al., 2006). Social support refers to having family, friends, or other people to

whom one can turn in times of need. One can be the recipient of emotional, tangible,

informational, and belonging support, but if being the recipient of such support reflects an

exchange relationship or brings with it a sense of indebtedness, such encounters may do

little to make the person feel less lonely (Cacioppo et al., 2006). People may have access to

considerable support from others, but the support may have nothing to do with sharing good

times together, it may come at a cost (as in an exchange relationship), or it may come from

someone other than the person with whom an individual aspires connection. A bereaved

spouse, for instance, can feel lonely even though family and friends provide emotional,

tangible, informational, and belonging support. Accordingly, even after statistically

controlling for social support, loneliness has been found to be a risk factor for a host of

mental and physical health problems including depressive symptomatology (Cacioppo et al.,

2006, 2010; VanderWeele, Hawkley, Thisted, & Cacioppo, 2011), impaired cognitive

performance and cognitive decline (Gow, Pattie, Whiteman, Whalley, & Deary, 2007; Tilvis

et al., 2004; Wilson et al., 2007), progression of Alzheimer’s disease (Wilson et al., 2007),

fragmented sleep (Cacioppo, Hawkley, Berntson, et al., 2002; Hawkley, Preacher, et al.,

2010; Kurina et al., 2011), morning rise in cortisol (Adam et al., 2006), elevated blood

pressure (Hawkley et al., 2006; Hawkley, Thisted, et al., 2010), and morbidity and mortality

(Luo et al., 2012).

Cacioppo and Cacioppo Page 9

Soc Personal Psychol Compass. Author manuscript; available in PMC 2014 May 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Longitudinal studies have found that loneliness is temporally stable (e.g., Bartels, Cacioppo,

Hudziak, & Boomsma, 2008; Cacioppo, Ernst, et al., 2000; Cacioppo et al., 2010), and

studies of twins indicate that loneliness is moderately heritable (Bartels et al., 2008;

Boomsma, Cacioppo, Muthen, Asparouhov, & Clark, 2007; Boomsma, Willemsen, Dolan,

Hawkley, & Cacioppo, 2005; McGuire & Clifford, 2000). To address concerns that

heritability estimates for loneliness from twin studies might not be generalized to the general

population,Distel et al. (2010) examined the genetic architecture of loneliness in an extended

twin-family design. The presence of assortative (nonrandom) mating, genetic nonadditivity,

vertical cultural transmission, and gene-environment interactions were modeled. Results

indicated the presence of positive assortative mating for loneliness – people who are similar

in their trait loneliness tend to mate.Distel et al. (2010) also confirmed that loneliness is

moderately heritable but interestingly found a significant contribution of nonadditive genetic

variation. No evidence was found for vertical cultural transmission, which suggests that

parents may pass on genes for loneliness but not socialize this state.

Studies also indicate that there are environmental influences on loneliness. For instance,

freshmen who leave family and friends behind often feel increased social isolation when

they arrive at college even though they are surrounded by large numbers of other young

adults (e.g., Cutrona, 1982; Russell et al., 1980). Lower levels of loneliness are associated

with marriage (Hawkley, Browne, & Cacioppo, 2005; Pinquart & Sőrensen, 2003), higher

education (Savikko, Routasalo, Tilvis, Strandberg, & Pitkala, 2005), and higher income

(Andersson, 1998; Savikko et al., 2005); whereas higher levels of loneliness are associated

with living alone (Routasalo, Savikko, Tilvis, Strandberg, & Pitkala, 2006), infrequent

contact with friends and family (Bondevik & Skogstad, 1998; Hawkley et al., 2005; Mullins

& Dugan, 1990), dissatisfaction with living circumstances (Hector-Taylor & Adams, 1996),

physical health symptoms (Hawkley et al., 2008), disabilities (Hawkley et al., 2008;

Perissinotto et al., 2012), chronic work and/or social stress (Hawkley et al., 2008), a small

social network (Hawkley et al., 2005; Mullins & Dugan, 1990), lack of a spousal confidant

(Hawkley et al., 2008), marital or family conflict (Jones, 1992; Segrin, 1999), poor quality

social relationships (Hawkley et al., 2008; Mullins & Dugan, 1990; Routasalo et al., 2006),

and divorce and widowhood (Dugan & Kivett, 1994; Dykstra & de Jong, 1999; Holmen,

Ericsson, Andersson, & Winblad, 1992; Samuelsson, Andersson, & Hagberg, 1998). To

summarize, situations that appear to increase a person’s risk for loneliness include those in

which the person has little control over their social relationships, or perceives s/he is merely

an instrumental means to the other person’s extrinsic, nonsocial ends.

Loneliness is typically investigated as an individual factor, but because perceived and

objective isolation can be differentiated, loneliness can also vary within and across groups.

For instance, we used network linkage data from the population-based Framingham Heart

Study to trace the topography of loneliness in social networks and the path through which

loneliness spreads through these networks (Cacioppo et al., 2009). Results indicated that

loneliness occurs in clusters within social networks, is disproportionately represented at the

periphery of social networks, extends up to three degrees of separation, and is stronger for

women than men.
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Several features of the Framingham study pointed to loneliness spreading through a

contagious process and moving lonely individuals closer to the edge of social networks over

time. Contagion is defined as the transmission of a state by direct or indirect contact, and

virulence is determined, in part, by exposure (i.e., dose). Longitudinal analyses indicated

that loneliness in one individual at Time 1 was followed by increased loneliness in others in

that individual’s social network by Time 2. Second, the closer the friend or contact was

physically to this individual at Time 1, the lonelier the friend or contact became at Time 2.

Third, loneliness was transmitted from the individual at Time 1 through friends and contacts

to others beyond the individual’s circle of contacts by Time 2. Fourth, the transmission of

loneliness was stronger when the friendship between the individual who was lonely at Time

1 and others in the social network was reciprocal rather than asymmetric. Importantly, these

results were unchanged when controlling for depressive symptomatology, indicating that the

contagion of loneliness was not merely a function of depression levels (Cacioppo et al.,

2009).

As noted above, loneliness has been shown to lead to, but is distinguishable from, depressive

symptomatology (Cacioppo et al., 2010). A person made to feel lonely not only feels

unhappy but also feels unsafe, feelings that activate an anachronistic survival mechanism

that heightens sensitivity to threats from all sides (Cacioppo & Patrick, 2008). Consequently,

people who feel lonely may reach out to connect with others but unknowingly emphasize the

negative, or perceive negative, features of the interaction (e.g., Cacioppo & Hawkley, 2005;

Hawkley, Preacher, & Cacioppo, 2007). Data from the Framingham study do not permit

detailed investigation of the means by which loneliness is transmitted, but this contagion

may occur through at least three different mechanisms: automatic emotional contagion

(Hatfield, Cacioppo, & Rapson, 1994), coextensive self-other overlap and the attendant

susceptibility of shared states (Slotter & Gardner, 2009), and quality of social interactions

(Hawkley et al., 2007). For instance, in an experience sampling study of everyday behavior,

we found loneliness to be associated with more negative affect and more negative social

interactions, the quality of social interactions predicted subsequent affective states and vice

versa, and more negative social interactions had longer lasting effects on affect than positive

social interactions (Hawkley et al., 2007). These data are consistent with the notion that the

contagion of loneliness can occur through negative social cognition and the interpersonal

interactions it engenders, but more definitive research is needed to delineate the mechanisms

by which loneliness spreads through social networks. This question gains additional

importance as our social networks have expanded digitally.

Conclusion

Early in our history as a species, we survived and prospered by banding together to provide

mutual protection and assistance (cf. Cacioppo & Patrick, 2008). People may think of

feeling lonely as a sad condition, but as is the case for other social species, finding oneself

on the social perimeter is not just sad but also dangerous. The brains of social species,

including our own, have evolved to emphasize self-preservation when on the social

perimeter (Cacioppo, Cacioppo, & Boomsma, 2013). This brings with it some unwanted and

unrecognized effects on a person’s thoughts and behaviors toward others.
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The aversion of loneliness increases people’s awareness of the deficits in their social

relationships and motivates the person to attend to and connect with others. The emphasis on

self-preservation may be largely nonconscious, however, increasing the likelihood that a

person who feels lonely will act in a more defensive and self-protective fashion (Cacioppo

& Hawkley, 2005, 2009). This, in turn, can undermine the achievement of the goal to form

better connections with others.

Feeling socially isolated activates neurobiological mechanisms that may promote self-

preservation in the short-term but take a toll on health and well-being in the long-term. As

outlined above, among these effects are higher vascular resistance in young adults, the

putative consequence of the brain’s hypervigilance for social threats (e.g., Cacioppo,

Hawkley, Crawford, et al., 2002); larger morning rises in cortisol, a powerful stress

hormone, the consequence of the brain’s preparation for another dangerous day (e.g., Adam

et al., 2006); increased prepotent responding, which means that behaviors high in the

response hierarchy are more likely even though this includes impulsive (including poor

health) behaviors (e.g., Cacioppo, Ernst, et al., 2000;Hawkley, Thisted, & Cacioppo, 2009);

altered gene expression, for instance, increasing inflammatory biology to deal with assaults

(Cole et al., 2007, 2011); and the decreased salubriousness of sleep, the consequence of the

brain’s high alert state (Cacioppo, Hawkley, Berntson, et al., 2002; Hawkley, Preacher, et

al., 2010). Together, these processes can contribute to early morbidity and mortality.
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Figure 1.
The effects of loneliness on attention, cognition, and social behavior. From Cacioppo and

Hawkley (2009).
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