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Abstract

People are interconnected, and so their health is interconnected. In
recognition of this social fact, there has been growing conceptual and
empirical attention over the past decade to the impact of social networks
on health. This article reviews prominent findings from this literature.
After drawing a distinction between social network studies and social
support studies, we explore current research on dyadic and supradyadic
network influences on health, highlighting findings from both egocen-
tric and sociocentric analyses. We then discuss the policy implications
of this body of work, as well as future research directions. We conclude
that the existence of social networks means that people’s health is inter-
dependent and that health and health care can transcend the individual
in ways that patients, doctors, policy makers, and researchers should
care about.
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INTRODUCTION

People are interconnected, and so their health
is interconnected. Conceptual and empirical at-
tention has therefore focused increasingly in
the past decade on the impact of social net-
works on health. Network phenomena have be-
come more prominent in research from fields
as diverse as engineering, biology, and physics
(Wellman & Berkowitz 1988, Watts & Strogatz
1998, Amaral et al. 2000, Albert & Barabasi
2002), and they also are relevant to health and
medicine (Barabasi 2007) and, in particular, to
the sociology of health and medicine.

We take as a predicate for our review the
vast and important literature in sociology on
social networks (Mitchell 1969, Laumann
1973, Fischer et al. 1977, Fischer 1982,
Wasserman & Faust 1994) and the highly
germane, albeit distinct, work on the social de-
terminants of illness more generally (Berkman
& Kawachi 2000, Kawachi & Berkman 2003).
Our focus is more narrowly cast on the role
of social networks in determining health. We
begin by drawing a distinction between social
network studies and social support studies, a
distinction rarely maintained in the literature.
We then explore current research on dyadic
and supradyadic network influences on health.
We conclude with a discussion of policy
implications and future research directions.

The study of the effects of social networks
on health emerged in the 1970s through the
work of innovators such as Cassel, Cobb, and
Berkman, who theorized or demonstrated em-
pirically that social networks could affect mor-
tality (Cassel 1976, Cobb 1976, Berkman &
Syme 1979, Blazer 1982, House et al. 1982).
Despite sociologists’ prominence in the study
of social networks in the same period (e.g.,
Laumann 1973, Fischer 1982, Marsden 1987,
Coleman 1990, Wasserman & Faust 1994),
most applications of social network approaches
to studying health have, until recently, been
conducted by public health researchers. In re-
cent years, however, sociologists have become
increasingly involved, and data sets, methods,
and software useful for studying network influ-
ences on health are more available.

Smith o Christakis

Social networks affect health through a va-
riety of mechanisms, including (#) the pro-
vision of social support (both perceived and
actual), () social influence (e.g., norms, so-
cial control), (¢) social engagement, (d) person-
to-person contacts (e.g., pathogen exposure,
secondhand cigarette smoke), and (e) access
to resources (e.g., money, jobs, information)
(Berkman & Glass 2000). Some initial work
has even begun to specify biological mecha-
nisms by which social support flowing through
a social network tie might affect morbidity and
mortality.! The increasing involvement of so-
ciologists in the study of network effects on
health is thus a welcome development, as the
sociological perspective affords a particularly
strong vantage point for elucidating how infor-
mation and influence is diffused, how networks
work generally, and how social networks affect
health specifically. (Sociologists also are partic-
ularly well positioned to consider and shed light
on how race, gender, and class might interact
with network processes to produce and main-
tain policy-relevant health inequalities, a sepa-
rate topic not considered here.)

DIFFERENCES BETWEEN
SOCIAL SUPPORT AND SOCIAL
NETWORK ANALYSES

The study of social networks privileges the
relationships between individuals; it presumes

'For example, higher levels of social support improve global
immune functioning, as evinced by a fourfold relative risk
reduction in susceptibility to experimental rhinovirus inoc-
ulation (Cohen et al. 1997). Similarly, several studies in on-
cology have shown that low levels of social support are asso-
ciated with altered cytokine function (Esterling et al. 1996,
Lutgendorf et al. 2002). Another potential pathway involves
stress. Specifically, chronic stress appears to lead to chronic
inflammation, particularly inability to suppress interleukin-6
(IL-6) (Miller et al. 2002), and recent data have shown that
an increase in IL-6 levels from the 25th to 75th percentile
is associated with a substantial increase in the odds of inci-
dent coronary disease (Pradhan et al. 2002), a finding con-
firmed in other populations (Ridker et al. 2000, Lindmark
et al. 2001). Social interactions also may reduce the risk of
dementia, and there is burgeoning interest in the field of
social neuroscience, with a particular focus on the manner
in which social networks integrate individuals into commu-
nities or provide mental stimulation via social complexity
(Cacioppo et al. 2000).
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that actors and actions are interdependent and
that social ties facilitate the flow of informa-
tion and influence (Wellman & Berkowitz 1988,
Wasserman & Faust 1994). Indeed, theorists
such as Coleman (1990) have argued that so-
cial relationships are a form of social capital,
analogous to economic or human capital, that
can be deployed for productive—and plausibly,
health-related—ends.

Traditionally, most studies of social network
effects on health actually focused on a related
phenomenon, social support, a conflation that
continues to a large extent today despite calls for
change (Berkman & Glass 2000). Owing pre-
dominantly to data and methodological limita-
tions, early studies operationalized social net-
works as an individual-level measure of the
number of social contacts a person has (struc-
tural support, or its quantitative aspect) or how
helpful they are, as subjectively reported by the
person (functional support, or its qualitative
aspect). Helpfulness in this context is gener-
ally construed as the perceived extent to which
the support needs of a person (an ego) can be
met by his/her social contacts (his/her alters).
More specifically, helpfulness is the alters’ per-
ceived ability or willingness to provide instru-
mental support (i.e., financial support or aid
with practical tasks), informational support, ap-
praisal support (i.e., help in evaluating options
and making decisions), or emotional support
(Berkman et al. 2000). Unlike analyses of func-
tional support, analyses of structural support
typically distinguish between intimate ties and
those involving more distant contacts, weigh-
ing the former more heavily when it comes to
their effects on health. Nonetheless, networks
with abundant weak ties have been found to
have advantages in other realms, such as occu-
pational mobility (as suggested in Granovetter’s
1973 classic study), and it is possible that they
are materially relevant to health, as well.

In contrast to social support studies (in-
cluding those in the guise of social network
studies), social network studies characterize the
web of social relations around an individual,
including, most importantly, who the contacts
are and the nature of the ties that connect

them. For example, one might look at partic-
ular characteristics of those who make up a
person’s support network or the type of links
(e.g., close/distant, friend/relative) that connect
them. Thus, whereas social support studies as-
sess the quality or quantity of a person’s social
ties, social network studies treat the ties them-
selves as objects of study potentially relevant to
outcomes of interest, and thus draw them ex-
plicitly. Rather than focusing, as social support
studies do, on the (mere) existence of ties and
conceptualizing network features as a trait re-
ducible to the level of the individual (that is,
person A has X level of social support, whereas
person B has Y level of social support—a form
of egocentric reduction of network informa-
tion), social network studies actually map sub-
jects” networks and probe the impact of par-
ticular network components and kinds of ties.?
Rather than simply count the number of people
in an individual’s social network (e.g., person
A has N friends and person B has M friends)
or rate their relative helpfulness, social net-
work studies examine their interrelationships
by focusing explicitly on the specific network
links. As such, social network studies involve
the analysis of structures such as that depicted in
Figure 1.

The study of social networks thus differs
from—and in some sense is broader than—
the study of social support. Moreover, the
conceptual distinction between the two is im-
portant because networks have emergent prop-
erties not explained by the constituent parts and

2Among the more commonly analyzed network characteris-
tics are (#) size (the number of ego’s alters), (b) density (the
extent to which alters know each other, i.e., are directly linked
by a social tie), (c) connectivity (the extent to which alters are
linked directly or indirectly via other contacts), (4) bounded-
ness (the extent to which alters come from different categories
of acquaintance, such as kin, neighbor, or coworker), (¢) ho-
mogeneity (the extent to which alters resemble each other
on various dimensions), (f') geodesic distance (the small-
est number of connections separating an ego and an alter),
(g) centralization (the extent to which network connected-
ness is dependent upon only a few contacts), and (h) cohesion
(the robustness of a network’s connectedness to the sever-
ance of ties). Tie characteristics commonly analyzed include
level of intimacy, frequency of contact, multiplexity (or the
diversity of resources flowing through a tie), duration, and
reciprocity.
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not present in the parts (Watts 2004). Under-
standing such properties requires seeing whole
groups of individuals and their interconnec-
tions at once.

Owing to a paucity of data and to method-
ological challenges, studies of how social net-
works affect health are more difficult and less
common than are studies of social support.
Nonetheless, many of the now classic early
social support studies, including the Alameda
County Study, Tecumseh Community Health
Study, Evans County Study, and the Estab-
lished Populations for the Epidemiologic Study
of the Elderly—as well as social support stud-
ies conducted today—are important for demon-
strating that socially isolated individuals are
less able than others to buffer the impact of
health stressors and consequently are at greater
risk for negative health outcomes such as ill-
ness or death (House et al. 1982, Berkman &
Breslow 1983, Schoenbach et al. 1986, Seeman
etal. 1993). These conclusions have been repli-
cated hundreds of times in diverse populations
(Cohen & Syme 1985, House et al. 1988).

RESEARCH ON THE EFFECTS OF
SOCIAL NETWORKS ON HEALTH

Social network analyses include studies of both
(@) egocentric (or local) networks, in which an
individual is located at the hub of a wheel, with
the rim delineating his/her social contacts and
the spokes the ties that connect them; and (b) so-
ciocentric (or sociometric, complete, or global)
networks, in which all or nearly all members
of a community or group and their linkages to
each other are represented (these are also some-
times called saturation samples). The critical
difference between the two is that egocentric
models include only direct links to the focal in-
dividuals (the egos) that make up a study pop-
ulation, whereas sociocentric networks include
both direct and indirect ties and map the en-
tire sample. Consequently, whereas egocentric
networks can be mapped by gathering infor-
mation about social contacts from egos alone,
sociocentric networks require that contacts (the
alters) themselves be observed or queried; that
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is, they require that both sets of actors—those
who influence and those being influenced—
are directly observed. Because they thus make
greater demands of data, studies of sociocen-
tric networks are rarer. Nonetheless, they of-
ten yield more novel insights and are better
suited to demonstrating the emergent quality of
networks.

Dyadic Effects

The simplest form of a network is, of course, a
social dyad (e.g., two spouses, two siblings, two
friends, two coworkers, two neighbors).> Be-
cause they require less complicated data sets to
study than do analyses of supradyadic effects,
dyadic effects are the most widely researched
network effects on health, and a large number
and variety of studies provide evidence for their
existence. We begin with a review of promi-
nent findings from this literature before turning
our attention to the more cutting-edge research
taking place on supradyadic effects.*

Spouses are the most studied pair with re-
spect to how the health of members of a dyad is
interrelated. Extensive cross-sectional evidence
has shown that married persons have substan-
tially lower mortality than the unmarried (Farr
1858, Gove 1973, Litwak et al. 1989, Hu &
Goldman 1990). Initial efforts to differentiate
between a true protective effect of marriage
and an effect caused by selection on the ba-
sis of health into marriage were hampered by
datainadequacies (Goldman 1993, 1994). How-
ever, recent work suggests that, although selec-
tion does play a part, a causal relationship also
contributes to the overall mortality advantage
enjoyed by the married (Berkman & Breslow
1983, Welin et al. 1985, Schoenbach et al.
1986, Zick & Smith 1991, Berkman et al. 1992,

3For a nice illustration of interpersonal effects in cowork-
ers, albeit outside the health domain, see Carman’s (2004)
investigation of the spread of charitable giving among office
mates.

*#Itis worth noting that the networks we focus on are networks
of laypeople. Other networks relevant to health exist, such as
networks of doctors or institutions (see, e.g., Coleman et al.
1957, 1966; Keating et al. 2007).
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Seeman et al. 1993, Lillard & Waite 1995,
Lillard & Panis 1996, Korenman et al. 1997).

The obverse of the health benefits of mar-
riage is the health cost of widowhood. Indeed,
numerous studies have documented a short-
term rise in mortality following the loss of a
spouse, termed the widow/er effect, which is
usually more pronounced in men (Young et al.
1963, Cox & Ford 1964, Parkes et al. 1969,
Hesling & Szklo 1981, Jones 1987, Kaprio etal.
1987, Lillard & Waite 1995, Schaefer et al.
1995, Martikainen & Valkonen 1996, Elwert &
Christakis 2006). This interpersonal health ef-
fect conforms to broader findings on the role of
social support in mortality (Berkman & Syme
1979, House et al. 1988, Berkman et al. 1992,
Thoits 1995), and the mechanisms behind it are
similarly multifactorial.

The interdependence between two people
can also have negative health consequences
short of death. For example, the hospitaliza-
tion of one spouse has been shown to increase
the risk of death of the other (Christakis &
Allison 2006), and providing better terminal
care to one spouse may lead to a decreased risk
of death in the other (Christakis & Iwashyna
2003). Studies have linked declining physical
health in spousal caregivers to poor health in
the care recipient, due perhaps to the caregiv-
ing demand. Indeed, caring for a sick spouse can
produce high stress and, consequently, reduced
immunity, and caregiving has been linked to an
increased risk of infection, doctor visits, serious
illness, and death (Baron et al. 1990, Kiecolt-
Glaser et al. 1991, Shaw et al. 1997, Schulz &
Beach 1999). Poor mental health in a spouse
also affects the physical health of the caregiv-
ing partner (Zarit et al. 1986, Pruchno & Resch
1989a, Shaw et al. 1997, Scholte op Reimer
et al. 1998). In fact, mental impairment may
induce more burden in the caregiving spouse
than does physical impairment (Christakis &
Allison 2006). The mental health of the care-
giver also can decline, and depression is a con-
sistentadverse correlate of caregiving (Pruchno
& Potashnik 1989, Kiecolt-Glaser et al. 1991,
Mittelman et al. 1995, Russo et al. 1995). This
so-called caregiving effect is gender-dependent

and varies according to other factors, as well
(Clipp & George 1993, Russo & Vitaliano 1995,
Dunkin & Anderson-Hanley 1998, Williamson
et al. 1998). For example, although wives are
more likely than husbands to be caregivers
(for numerous reasons, ranging from longer fe-
male life expectancy to differential social expec-
tations), studies typically find that caregiving
wives report greater strain or perceived burden
than do caregiving husbands or control popula-
tions (Barusch & Spaid 1989, Pruchno & Resch
1989b, Blood et al. 1994, Russo & Vitaliano
1995, Dunkin & Anderson-Hanley 1998), with
greater attendant psychological fatigue and de-
pression (Fitting et al. 1986, Barusch & Spaid
1989, Pruchno & Resch 1989b, Moritz et al.
1989, Pruchno & Potashnik 1989, Pruchno
et al. 1990, Kiecolt-Glaser et al. 1991, Siegel
et al. 1991, Russo et al. 1995, Mittelman et al.
1995, Collins & Jones 1997).

Thus, at least in the case of spouses, there
is compelling evidence that the health of one
member of a dyad can affect the health of the
other. Although spousal relationships demon-
strate how the health of humans who are linked
through a social tie may be interdependent, an
important question is whether health effects
obtain in social relations beyond spouses, e.g.,
among siblings, parents, friends, coworkers, or
neighbors. Operating through a diverse set of
mechanisms, for example, might not a heart at-
tack or stroke in one individual trigger clinically
and socially meaningful changes in the health or
health behavior of his/her siblings, friends, or
other members of his/her social network?

Although interpersonal health effects are
likely weaker in nonspousal relationships than
in spousal ones, they are nonetheless of substan-
tial importance, both conceptually and prac-
tically.’ First, nonspousal social relations are

3The magnitude and possibly even the direction of network
effects should vary according to the social distance between
the actors. In general, one should find weaker effects with in-
creasing social distance, so that, for example, a health event
or behavior change in a focal individual would have progres-
sively weaker effects in terms of motivating behavior change
as one moves down the continuum from family member to

neighbor.
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much more numerous than are spousal ones.
Second, research suggests that even weak ties
can produce social benefits (Granovetter 1973),
and this may also extend to the health do-
main. And third, the potential existence of
nonspousal interpersonal health effects raises
important policy questions, such as whether
network effects lie at the root of neighbor-
hood effects on health (see Entwisle et al. 2007
for a thoughtful consideration of the interplay
between network and neighborhood effectsf)
or contribute to health disparities by race or
income.

There is evidence of various nonspousal
interpersonal health effects. For example,
parental physical or mental health impairment
can adversely affect the physical and mental
health of children. Specifically, maternal de-
pression is associated with more behavioral
problems, depression, and substance abuse, as
well as more emergency room visits, hospi-
talizations, allergies, asthma, colds, and other
ailments in offspring (Billings & Moos 1983,
Weissman et al. 1987, Zuckerman & Beardslee
1987, Lee & Gotlib 1989, Schwartz et al. 1990,
McLennan & Kotelchuck 2000, Weissman
et al. 2006). Although less often studied, pa-
ternal depression also appears to affect child
health (Forehand et al. 1986, Jacob & Johnson
1997), as do parental physical health problems,
which have been linked to both depression and
poor physical health in offspring (Mikail & von
Baeyer 1990, Drotar 1994, Walker et al. 1994,
Armistead et al. 1995, Korneluk & Lee 1998).

Justas parental disability affects child health,
disability in children also affects the well-being
of other family members. For instance, sev-
eral studies have documented a higher preva-
lence of psychopathology among mothers of
disabled children (Thyen etal. 1998), especially
when the child has significant functional limi-
tations (Waddington & Busch-Rossnagel 1992,
Silver etal. 1999). Siblings of children with dis-
abling medical conditions also are at increased

%There also is a large literature on the effects of neighbor-
hoods, and hence of neighbors, on health, but thatis reviewed
elsewhere (Kawachi & Berkman 2003).

Smith o Christakis

risk of experiencing above-average levels of psy-
chopathology (Breslau et al. 1987). Of course,
such parent-child studies raise important ques-
tions about genetic codeterminacy and endo-
geneity owing to shared exposures, and ongo-
ing research is experimenting with a variety of
research designs to obtain better estimates of
causal effects.

The interpersonal health effects among
friends that have been studied are primarily be-
havioral peer effects. For example, the smoking
behavior of an adolescent’s friends influences
the odds of smoking initiation, continuation,
and cessation (Burt & Peterson 1998, Chen
et al. 2001, Kaplan et al. 2001), and similar
effects have been documented for alcohol use
(Urberg et al. 1997, Andrews et al. 2002). Not
surprisingly, then, smoking and alcohol cessa-
tion programs that provide peer support—that
is, that modify the social network of the target—
are more successful than those that do not
(McKnight & McPherson 1986, Prince 1995,
Albrecht et al. 1998, Malchodi et al. 2003). In-
deed, this general line of thinking motivates the
so-called “social norms feedback campaigns”
being implemented on many college campuses
(Wechsler et al. 1995, Thombs & Hamilton
2002).

Other social relationships also influence the
consumption of tobacco and alcohol. For ex-
ample, the use of these and other substances
tends to aggregate in families (Bierut et al.
1998), and there is extensive evidence of sib-
ling similarity in substance use in particular,
consistent with the theory that, in addition to
sharing genetic risks, siblings directly influence
each others’ smoking and drinking behaviors
(Bierut et al. 1998, Boyle et al. 2001, Avenevoli
& Merikangas 2003, Rajan et al. 2003). A re-
cent study that used twin and nontwin sib-
ling data from the National Longitudinal Study
of Adolescent Health (Add Health) provides
additional support for direct sibling influence
(Rende et al. 2005). It found that frequent
contact with, affection for, and also sharing
mutual friends with a sibling who smokes
significantly influence the likelihood that an
adolescent will smoke, suggestive of influence
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beyond that explained by heredity and shared
environment.

Like tobacco and alcohol consumption,
some behaviors related to weight gain and
weight loss appear to be socially transmissible.
Studies have linked unhealthy weight-control
behaviors among adolescent girls to the diet-
ing behaviors of their peers (Eisenberg et al.
2005), and children’s food preferences have
been shown to be manipulable using peer mod-
eling (Lowe et al. 2004). Among adults, deliv-
ering a successful weight-loss intervention to
one person has been shown to trigger substan-
tial weight loss in that person’s friends, and ev-
idence suggests that weight-loss interventions
that target social networks are more effective
than are those that target isolated individuals
(Black et al. 1990, Kelsey et al. 1997, Wing &
Jeffery 1999, Gorin etal. 2005, Verheijden etal.
2005).

Still other health outcomes also are subject
to social influence. For instance, the occurrence
of breast cancer in one woman has been shown
to motivate others to whom she is connected to
undergo mammography (Murabito etal. 2001),
and multiple randomized controlled trials (with
variable results) have assessed the health ben-
efits for women with metastatic breast cancer
of participating in “supportive/expressive group
therapy”—that is, artificially created social net-
works (Spiegel et al. 1989, Goodwin etal. 2001,
Spiegel 2001). Even impersonal social connec-
tions can be conduits for health-related social
influence: Cancer in a celebrity, for example,
may motivate people not known to the index
case to undergo cancer screening or choose par-
ticular treatments (Nattinger et al. 1998, Cram
etal. 2003).

Finally, it is important to note that, de-
spite most analyses emphasizing the salubri-
ous potential of social ties, social influence also
can constrain healthy behavior or encourage
unhealthy behavior. For example, associations
with smokers or drinkers can hinder individuals’
attempts to quit smoking or drinking alcohol.
In a similar fashion, qualitative investigations
of the influence of social contacts on weight-
control behaviors have highlighted the per-

ceived barriers that nonsupportive family mem-
bers may constitute to individuals’ attempts to
engage in health behaviors such as healthy eat-
ing (Sallis et al. 1987, Fleury 1993, Kelsey et al.
1997).

Supradyadic Effects

The newest research in the field of social net-
work influences on health is taking place in
the realm of supradyadic effects. In contrast
to dyadic analyses, which require data only on
pairs of individuals, analyses of supradyadic ef-
fects require more complete maps of individ-
uals’ social networks. Consequently, they are
less common than are social network anal-
yses of dyadic effects. Nonetheless, research
documenting interindividual influence involv-
ing multiple persons or groups suggests that
supradyadic network effects are significant and
worthy of analysis, a supposition that receives
support from the few supradyadic network
studies that have been conducted.

One example is a recent study by Christakis
& Fowler (2007) that employed a global net-
work design and documented how obesity can
spread through social networks in a manner
reminiscent of an infectious disease or a fad—a
kind of person-to-person contagion of a bio-
behavioral trait. The authors examined Fram-
ingham Heart Study (FHS) cohorts supple-
mented by dynamic, longitudinal information
on who was friend, relative, or neighbor to
whom during roughly 30 years of follow-up.
Because they were working with global and
not local network data, they were able to as-
certain that obesity clusters in the network ex-
tended to three degrees of separation, mean-
ing that if an ego’s alter’s alter’s alter was obese
(defined as a BMI greater than or equal to
30), it increased the likelihood that the ego
him/herself was obese. The finding that obe-
sity was clustered within the FHS network is
visually illustrated by Figure 1, which depicts
for the year 2000 the largest connected compo-
nent (that is, a network subgraph in which all
nodes are reachable from all other nodes) in the
network.

www.annualreviews.org o Social Networks and Health
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Christakis & Fowler (2007) also found that
a person’s likelihood of becoming obese was
partially determined by whether or not his/her
social contacts became obese during the same
period. Specifically, if a person’s friend be-
came obese, it increased the likelihood that
he/she would become obese by 57% (95%CI:
6-123%), with larger effects found for same-
sex friends. If a person’s sibling became obese,
he/she was 40% (95 % CI: 21-69%) more likely
to become obese, with larger effects again seen
for same-sex relationships. If a person’s spouse
became obese, he/she was 37% (95%CI: 7-
73%) more likely to become obese.

Interestingly, no association was found for
neighbors, and the distance friends or siblings
lived from each other had no impact on the
strength of the friend or sibling effect, suggest-
ing that the observed effects were not due to
a shared environment. Moreover, the authors
focused on changes in BMI, regardless of one’s
former weight status, instead of the likelihood
of being obese at a given point in time, thereby
obviating the possibility that the results they
observed were caused by homophilous partner
preferences (i.e., already obese persons seeking
out the companionship of other obese persons).

In addition, the directionality of friendship
ties affected the magnitude of the friend effect.
A friendship could exist because person A iden-
tified person B as his friend, because person B
identified person A as his friend, or both. If the
person an ego nominated as his friend (the al-
ter) became obese, it increased the likelihood
that the ego became obese by 57%. However,
if the nomination went in the opposite direc-
tion, there was no statistically significant effect
on the ego’s change in BMI of the alter gain-
ing weight. The largest effects were observed
for reciprocal nominations, which were associ-
ated witha 171% (95%CI: 59-326%) increased
likelihood of the ego becoming obese. That the
directionality of the friendship tie may affect
the existence and magnitude of the friend ef-
fect suggests that the observed interpersonal
effects might have a causal basis, rather than
the ego and alter having simultaneously expe-
rienced the same weight-gain-inducing shock.

Smith o Christakis

Given the necessary complexity of the data
used, such sociocentric studies of behavioral
diffusion point to the need for improved statis-
tical procedures to support more robust causal
inference (Manski 1995). In addition, they raise
the question of whether the behaviors analyzed
spread by so-called simple or complex conta-
gion (Centola et al. 2007, Centola & Macy
2007). That is, whereas germs or a piece of
information might spread from person to per-
son without requiring any kind of network rein-
forcement (an example of a simple contagion),
the spread of behaviors might require egos to
have multiple alters who evince a behavior be-
fore the egos themselves adopt it (an example
of a complex contagion).

Beyond obesity, numerous other health
behaviors might also spread within social
networks, such as smoking, eating, exercise,
alcohol consumption, or drug use. Further
health-related behaviors that might spread
within social networks include the propensity
to get health screenings, visit doctors, comply
with doctors’ recommendations, or even visit
particular hospitals or providers.

Cutting-edge research also has focused on
the role of network structure in determining the
spread of sexually transmitted diseases (STDs).
Although many of these studies are more epi-
demiological than sociological, given their fo-
cus on how sexual networks facilitate the spread
of an infectious disease, they are excellent for
demonstrating the emergent quality of network
influence, that is, how network effects are not
reducible to the individual level. Moreover, be-
cause the sexual networks that transmit STDs
share with social networks the element of part-
ner choice (as opposed to random-mixing con-
tact structures through which, say, a cold or flu
diffuses), important lessons regarding more tra-
ditional social network processes can be derived
from their study.

For example, Bearman et al. (2004), as part
of an ongoing series of highly original and cre-
ative investigations of social network effects,
used a subsample of Add Health data to model
the complete sexual network of a mid-sized,
predominantly white Midwestern high school
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using information on reported romantic part-
nerships over an 18-month period. They found
that a surprisingly sizeable 52% of all romanti-
cally involved students were embedded in one
very large “spanning tree,” thatis, “along chain
of interconnections that stretches across a pop-
ulation, like rural phone wires running from a
long trunk line to individual houses” (Bearman
et al. 2004, p. 51). This spanning tree was es-
pecially notable for its lack of redundant ties,
meaning that most students were connected to
the superstructure by one pathway only. The
authors accounted for the emergence of this
network structure by providing evidence of ho-
mophilic partner preferences in combination
with an apparent proscription against cycles of
length 4, that is, a rule that holds, “Don’t date
your old partner’s current partner’s old partner”
(p- 46). They also found that the majority of the
remaining romantically involved students were
members of disjoint dyads or triads, with very
few components of intermediate size (a struc-
tural feature that is indeed typical of sociocen-
tric studies).

Most models of STD transmission assume
the existence of high activity cores that dissem-
inate disease to lower activity groups or indi-
viduals and sustain epidemics by functioning as
reservoirs of infection. As Bearman et al. (2004)
pointout, however, their findings are significant
both for their inconsistency with this traditional
notion of core groups as the drivers of STD dif-
fusion and for their implications for STD con-
trol, which stem from the largest component’s
fragility: If a link from the trunk of the span-
ning tree is removed, the transmission of infec-
tion beyond that linkage is effectively halted as
the super-component breaks into two disjoint
components. As such, the network they docu-
mented was highly vulnerable to the removal
of single ties or nodes, which, they argue, is
best achieved by broad-based, broadcast STD
control programs—that is, those that target the
entire population rather than specific activity
groups.

In studying similar dynamics with respect to
the HIV/AIDS epidemic in sub-Saharan Africa,
Helleringer & Kohler (2007) collected infor-

mation on up to five recent sexual partners of
the 18- to 35-year-old residents of seven vil-
lageslocated on an island in Lake Malawi. They
found that, contrary to expectations, residents
reported relatively few partners. Despite this
finding, upon mapping the resulting sexual net-
work, they discovered that a striking 49% of
network members were connected in one large
interconnected component, a finding reminis-
cent of Bearman and colleagues’ (2004) span-
ning tree. However, unlike in the Bearman etal.
study, this large component documented by
Helleringer & Kohler was remarkably robust to
the removal of individual ties or nodes as a result
of numerous redundant paths (i.e., instances in
which respondents directly or indirectly shared
more than one sexual partner).

Like Bearman et al. (2004), Helleringer &
Kohler (2007) failed to find evidence of high
activity hubs, that is, persons or groups capable
of sustaining the HIV/AIDS epidemic by hav-
ing many sexual partners. As they note, their
findings thus call into question the assumption
behind much HIV work in sub-Saharan Africa
that the current epidemic is driven either by a
high activity core made up of sex workers and
their patrons or by other high activity individ-
uals transmitting disease to a low activity pe-
riphery made up of individuals with one or few
partners.

In addition to the insights they provide
into mechanisms underlying the spread of
STDs and, consequently, methods for possi-
ble containment, the Bearman et al. (2004) and
Helleringer & Kohler (2007) studies are im-
portant for demonstrating the value of col-
lecting global network data as opposed to
egocentric network data. Without global net-
work data, the contact macrostructure through
which infectious disease—or alternatively, in-
fluence, information, or other socially transmis-
sible constructs—must flow cannot be mapped
and studied. They also illustrate the potential
incompleteness of the picture obtained from
local network data by showing that without
information on individuals’ partners’ partners,
one cannot determine whether a person is at
high risk of contracting an STD by virtue of
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having well-connected, promiscuous partners
or at negligible risk because the partners are
relatively chaste.

Other innovative empirical studies of the
role of networks in spreading disease that simi-
larly demonstrate the nonlinear quality of net-
work transmission dynamics have been con-
ducted among injecting drug users and other
high HIV risk populations in the United States
(e.g., Curtis et al. 1995, Latkin et al. 1995,
Friedman et al. 1997, Rothenberg et al. 1998,
Valente & Vlahov 2001, Potterat et al. 2002).
A shortcoming of these studies, however, is
that, owing to challenges arising from the pop-
ulations studied, they employ nonprobability
(typically chain-referral) samples. As such, how
much one can extrapolate from their findings
to draw conclusions about the global network
properties that shape disease spread is unclear.
That said, methods to cope with this issue are
emerging (Heckathorn 1997, 2002; Salganik &
Heckathorn 2004).

Although all these studies stand out for hav-
ing actually observed alters themselves, rather
than relying on ego reporting for informa-
tion on alters, other studies have attempted
to deduce global network qualities from local
network designs, that s, by collecting informa-
tion about network partners from egos. For ex-
ample, in an important and well-known study,
Laumann & Youm (1999) used a local network
design to examine the black-white STD differ-
ential in the United States. Drawing on the epi-
demiological concepts of core groups and core-
periphery contact, they proposed that higher
STD rates among blacks than whites are largely
attributable to differences in the two groups’
sexual networking patterns. Using data on past
sexual partnerships collected as part of the
National Health and Social Life Survey, in-
cluding the estimated number of respondents’
partners’ partners, the authors found that, even
controlling for individual-level risk factors such
as number of partners, blacks have more bac-
terial STDs than do whites. Using a network
analytic approach utilizing log-linear analysis
and a simulation, they attributed this finding to
two factors: an intraracial effect and an interra-
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cial effect. The intraracial effect is that blacks
have more sexual contacts between the core and
the periphery than do whites (i.e., more within-
group dissortative mating among blacks than
whites). To illustrate, a peripheral (which they
defined as having had only one sexual partner
in the past year) black person is five times more
likely to choose a partner in the core (defined as
persons with four or more partners in the past
year) than is a peripheral white person. The re-
sultis that STDs are more likely to be contained
within the white core, whereas they are more
likely to spill out into the black periphery.

The interracial effect is that infections stay
within the black community because blacks are
highly segregated from whites and Hispanics
in the race/ethnicity of their sexual partners
(i.e., more between-group assortative mating
among blacks than whites). Owing to this fac-
tor alone, blacks are 30% more likely than
whites to contract an STD. As such, Laumann
& Youm (1999) found that a significant propor-
tion of the black-white STD differential in the
United States is due to differences in within-
group and between-group sexual networking
patterns, which promote intraracial transmis-
sion among blacks and limit transmission of
infection to other racial/ethnic groups. As
Laumann & Youm point out, these network
effects could not be identified using analytic
methods that incorporate only individual-level
risk factors.

Another study that used a local network de-
sign is Liljeros et al. (2001). The authors an-
alyzed Swedish survey data on the number of
sexual partners reported in the past year and
over a lifetime and found that the cumulative
distributions decayed as a scale-free power law,
meaning that, when plotted, they followed a
straight line in a double-logarithmic plot. They
interpreted this finding as evidence that safe-
sex campaigns will be most effective if, rather
than targeting all members of a community
equally (as recommended by Bearman et al.
2004), messages are instead directed at high
activity members—the hubs of the network.
Although this approach of extrapolating from
egocentric, local networks to draw conclusions
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about sociocentric, global network properties
has sparked debate about the appropriateness of
the methods (Jones & Handcock 2003, Liljeros
et al. 2003), this study and the controversy it
has stirred are nonetheless useful for illustrat-
ing the difference between sociocentric versus
egocentric approaches.

Finally, social networks have been found
to play a role in spreading other health con-
structs. Social network approaches (specifically,
analyses of contact networks) have been used
to illuminate how infectious diseases other
than STDs, including tuberculosis (Klovdahl
et al. 2001), severe acute respiratory syndrome
(SARS, Meyers et al. 2005), and pneumonia
(Meyers etal. 2003), can diffuse through a pop-
ulation. In addition, a long tradition of mostly
egocentric network studies have documented
how reproductive health behaviors and related
knowledge are spread by or constrained by net-
work dynamics (e.g., Montgomery & Casterline
1993, Rosero-Bixby & Casterline 1994, Valente
1995, Entwisle et al. 1996, Valente et al. 1997,
Bond et al. 1999, Kohler 2001, Kohler et al.
2001, Rindfuss et al. 2004).

Moreover, evidence suggests that health-
related emotional states, such as optimism, hap-
piness, depression, or suicidality, also can spread
through networks. For example, Larson and
colleagues have used the Experience Sampling
Method (Csikszentmihalyi & Larson 1992)
to trace the dyadic spread of moods over
short time intervals within families (Larson &
Richards 1994). Similarly, Bearman & Moody
(2004) used Add Health data to show that sui-
cidality in adolescents is shaped by their social
network position, especially for girls. Specifi-
cally, they found that having had a friend who
attempted suicide increased the risk of sui-
cidal ideation and suicide attempts for both
sexes, whereas having a suicidal relative affected
ideation only, and to a lesser extent than if it
were a friend. Attending a school with dense so-
cial networks reduced suicidal ideation in girls
but not boys, but it did reduce the likelihood
that a suicidal boy would actually make an at-
tempt on his life. Being socially isolated or hav-
ing friends who were not friends with each other

increased the risk of suicidal ideation for girls
only. On the basis of these and other findings,
the authors concluded that relational position-
ing was more salient to girls’ suicidality than
to boys’ and was more predictive of suicidal
ideation than of actual attempts, which were
largely stochastic.

Selection and Homophily
Within Social Networks

Understanding the impact of social networks
on health requires not only understanding
how networks function, but also how they are
formed, which raises the issue of the role poten-
tially played by selection and homophily (the
tendency of people to form ties to similar oth-
ers) (McPherson et al. 2006). Regarding selec-
tion, health-relevant traits such as age or in-
come, or even health status itself, can contribute
to the creation or dissolution of specific net-
work ties or to the formation of networks with
particular features. For example, a study using
Add Health data detected a tendency of obese
adolescents to be less central in their networks;
although the analysis was cross-sectional and
could not, therefore, determine the direction
of causality (i.e., whether obese individuals had
fewer ties or whether those with fewer ties be-
came obese), it nonetheless illustrates the possi-
bility of a health-related trait influencing an in-
dividual’s network position (Strauss & Pollack
2003). As another example, illness can result
in the severing of ties, either because one per-
son actually dies or because a person no longer
wishes or is able to be in a relationship with
another because one of the two is sick.
Researchers have studied homophily in close
relationships ranging from romantic partners,
to those who define one another as friends, to
those who simply “discuss important matters”
with each other (Verbrugge 1977), as well as
in the more situational relationships of career
support, mere contact, and even just “know-
ing about” someone (Kupersmidt et al. 1995,
Hampton & Wellman 2000). Patterns of ho-
mophily are remarkably robust across these dif-
ferent relationship types, and homophily has
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been found to be critical to the formation of
interpersonal bonds, especially in friendships
and romantic relationships. Consequently, ho-
mophily is important to any consideration of
the effects of social networks on health, as it
can result in networks being endogenous with
health.

To illustrate, research suggests that young
children become friends in direct relation to
the number of attributes (both demographic
and behavioral) they share (Goldman 1981,
Kupersmidt et al. 1995), with attitudinal sim-
ilarity often seen as key (Byrne 1971, Condon
& Crano 1988). In addition, decades of soci-
ological research have shown that similarity of
attributes can lead to the development of homo-
geneous networks among adults. For example,
in a classic study of friendship formation among
individuals who were originally strangers to
one another, Newcomb (1961) demonstrated
that similarity of background and interests is
a potent determinant of attraction among ran-
domly assigned college roommates. Similarly,
McPherson et al. (2001) used homophily as
a basic organizing principle in their investi-
gations of social networks, social capital, so-
cial movements, organizations, and a variety of
other areas affected by network processes.

Indeed, early social network studies re-
vealed substantial homophily on psychological
attributes and demographic traits such as age,
sex, race/ethnicity, and education (Richardson
1940, Loomis 1946). Homophily has since been
found to involve characteristics as diverse as
political leanings, social class, attitudes, and
personality (Byrne & Clore 1970, Caspi &
Herbener 1990). Among adult friends, specif-
ically, substantial evidence of homophily ex-
ists in the domains of age, religion, education,
and occupational prestige (Richardson 1940,
Fischer etal. 1977, Chown 1981, Fischer 1982,
Marsden 1987, Matthews 1995, Hampton &
Wellman 2000, Louch 2000).

Because homophily occurs around genet-
ically related traits (appearance, intelligence,
personality, etc.), italso is important to consider
the underlying role of genetics in friendship
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formation. Genes could affect a person’s taste
for friendship and connectedness in general,
or they could affect the specific nature of the
friends a person chooses on the basis of their ob-
servable traits. Twin studies, which exploit the
natural difference in genetic similarity between
monozygotic (MZ) twins, who share 100% of
their genes with each other, and dizygotic (DZ)
twins, who share (on average) only 50%, illus-
trate this possibility. For example, one study of
mate choice and friendship in twins found that
MZ twins chose spouses and best friends more
similar on various dimensions to their cotwins’
spouses and friends than did DZ twins (Rushton
& Bons 2005). Another study used Add Health
data to examine similarity among friends on a
number of heritable traits and found that the
best (same-sex) friends of MZ twins were more
alike on measures of academic performance and
aggressive behavior than were the best (same-
sex) friends of DZ twins (Guo 2006).

The challenge that selection and homophily
pose to analyses of social network effects on
health is to be able to differentiate between
their influence and that of induction and peer
effects—the tendency of socially connected
people to come to resemble each other. One ap-
proach to addressing this problem was utilized
by Sacerdote (2001), who used the random-
ization of peers through college dorm assign-
ments as an instrumental variable method for
evaluating the causal impact of peer effects on
student achievement. By treating the random
dorm assignment of students as a natural se-
lection into treatment (having an academically
successful roommate) versus control (having an
academically unsuccessful roommate), he found
strong evidence of peer effects on grade point
average. It is typically quite difficult, however,
to find circumstances in which people are as-
signed social connections for plausibly random
(exogenous) reasons. Other approaches, includ-
ing panel models, exploitation of directionality
of friendship nominations (Christakis & Fowler
2007), and the use of genes and Mendelian ran-
domization, are also possible (Davey Smith &
Ebrahim 2003, Ding et al. 2006).
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FUTURE RESEARCH
DIRECTIONS

As noted, social networks have been posited
to affect health through five basic mechanisms:
social support, social influence, access to
resources, social involvement, and person-
to-person contagion. Of these, sociological
studies have focused predominantly on social
influence, access to resources, and social in-
volvement. However, most sociological studies
have evaluated only indirectly how networks
work through these mechanisms to affect
health. Rather than directly observing how
these factors are transmitted through networks,
they have inferred that the process occurs from
the evidence of transmission. In other words,
rather than explicitly map out the networks in-
volved, they have inferred their presence on the
basis of resources transmitted from one person
or group to another. In so doing, they have paid
little attention to the role of network structure
in determining how and when resources are
disseminated or constrained.” Additional
research thus is needed to explicitly link
characteristics of networks and network ties to
the mechanisms involved in affecting health.

In addition, Berkman et al. (2000) have
called for greater consideration of even more
proximate biological and psychological path-
ways through which networks affect health,
which they argue fall into three categories:
(@) physiological stress responses; (b)) psycho-
logical states including self-esteem and self-
efficacy; and () health behaviors, both posi-
tive (e.g., exercise, health service utilization,
medical adherence) and negative (e.g., tobacco
consumption, overeating). Although numerous
social support studies have investigated these
mechanisms (see Berkman et al. 2000 for a re-
view), few social network studies have looked at
them beyond the dyadic level.

Moreover, one cannot assume that net-
work structures will be consistent across time,

"For example, particular topological features (e.g., whether
the network is a regular lattice or a random graph) may be
highly relevant to the spread of information or behaviors
(Centola & Macy 2007b).

space, or population. As an illustration, despite
Bearman etal. (2004) and Helleringer & Kohler
(2007) both choosing their research sites in part
for their relative social isolation, they found
strikingly different network structures. A more
dramatic example is provided by Entwisle et al.
(2007), who documented extensive variation in
network structures even across villages within a
relatively small, socially homogeneous area.

Similarly, different network properties are
relevant to different health phenomena and
function differently in different contexts.
More specifically, defined attributes of so-
cial networks can be salubrious or deleteri-
ous depending on the context and the health
outcome in question. For example, high net-
work centrality—a structural feature of nodes
that describes the extent to which they are
highly connected, prominent, or influential in
a network—is generally desirable in an infor-
mation network. In a sexual network through
which an STD is spreading, however, to be on
the periphery, remote from other nodes and
outside the chain of influence, is preferable if
one is to avoid infection.

Another issue to consider is that the cre-
ation of social networks is not random. As dis-
cussed above, individuals may select their net-
work partners on the basis of qualities such as
sex, socioeconomic status, or even health. In
fact, the nonrandom nature of networks is what
makes them inherently social. Although much
substantive work has been conducted on this
topic, as reviewed above, additional research
is needed to develop still better ways to cope
with this issue methodologically. Research is
needed into how health-related characteristics
affect the creation and structure of networks
and into new methods for distinguishing the
effects of health on network structure from the
effects of network structure on health.

That is, methodological advances are
needed to optimally study social networks and
health. Work is proceeding on several fronts.
Some investigators are experimenting with ap-
plying agent-based models to health problems
or applying insights from such models to more
conventional econometric estimation strategies
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(Burke & Heiland 2007, Hammond & Epstein
2007, Oswald & Powdthavee 2007, Sinchez
et al. 2007). Others are exploring ways to ap-
ply instrumental variable techniques to network
data, including identifying new instruments on
the basis of subjects’ (plausibly more exoge-
nous) biological rather than social traits (Davey
Smith & Ebrahim 2003).

As a result of these and other developments,
we expect to see a new wave of empirical work
in the field of social networks and health over
the coming years. For example, investigators
might even conduct experiments in which they
seed networks with health-relevant traits or
messages and watch whether and how they
spread. These networks could be of real peo-
ple in face-to-face communities or they could
be of individuals assembled over the Internet.
Still another tantalizing prospect is the use
of entire virtual worlds to conduct social sci-
ence research; it is not hard to imagine exper-
iments in which avatars in virtual worlds are
randomized to different treatments involving
either health or network attributes (Bainbridge
2007).

Lastly, the existence of interpersonal health
effects and the fact that individuals are embed-
ded in social networks imply developments in
research and policy. To explore such effects, new
data sets are needed. Currently, most prospec-
tive cohort studies and randomized controlled
trials include only isolated individuals who are
followed to observe outcomes. Some social sci-
ence and epidemiological cohort studies do ask
respondents about the health of their spouses or
other social contacts, but few actually include
the social contacts in the study cohort. There
are, of course, exceptions, not limited to those
discussed above (e.g., Add Health and FHS-
Net), such as the U.S. Health and Retirement
Survey, the Malawi Diffusion and Ideational
Change Project, the Nang Rong Household
Survey, and others. Nonetheless, developing
additional data sets with such features and mea-
surements is necessary to understand fully the
effects of social networks on health. Figure 2
contrasts typical extant data sets with ideal-
ized future data collection efforts for the study
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of egocentric network effects.® Compared with
the typical network study design shown in the
top panel of Figure 2, a preferable network-
based data set (shown in the bottom panel)
would have (#) more alters (and alter types)
in the sample, (§) full bilaterality of data col-
lection, (¢) subalters (i.e., the alters of the al-
ters) in the sample (and even further connec-
tions, potentially culminating in a full, socio-
centric study), (4) ascertainment of interlevel
connections (e.g., between alters and subalters),
(e) interego connections, and (') a longitudinal
design. A still more complex alternative, illus-
trated in Figure 1, is to sample an entire group
or community and then discern the ties between
the constituent individuals; this latter option
constitutes a global or sociocentric study.

POLICY IMPLICATIONS
OF A SOCIAL NETWORK
PERSPECTIVE ON HEALTH

The existence of social networks in which in-
dividuals are embedded and through which
germs, ideas, norms, and support can flow
suggests that health events and characteristics
may have important downstream effects. These
health events and characteristics can assume
different forms, including chronic illnesses or
discrete health events, health behaviors, medi-
cal or behavioral interventions, or physical at-
tributes that affect health (e.g., obesity). Conse-
quently, health interventions, quite apart from
their effects on a focal individual, can have
unintended health effects on others. It is not
hard to imagine possible examples: Treating de-
pression in parents may increase their propen-
sity to vaccinate their children, thereby saving
children’s lives. Replacing a hip or prevent-
ing a stroke may mean that a person is better
able to care for his/her spouse, thus improving
the spouse’s health. Delivering a weight-loss

8Collecting information about the various contacts of peo-
ple enrolled in clinical trials or epidemiological studies may
represent an extension to study design similar to the exten-
sion in the 1990s of including cost-effectiveness analyses as a
standard feature of clinical trials.
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or smoking-cessation intervention to one per-
son may trigger substantial behavior change in
that person’s friends. Or giving a patient supe-
rior end-of-life care may decrease the stress-
fulness of the patient’s death, thereby decreas-
ing his/her spouse’s propensity to die during
bereavement.

The cumulative impact of a therapeutic or
preventive intervention is thus the sum of the
direct health outcome in the focal individual
plus the collateral health outcomes in those to
whom he/she is socially connected (Figure 3).
These collateral health effects, or the ben-
efits and detriments that accrue to the so-
cial contacts, can be either positive or neg-
ative (e.g., side effects of medication in the
individual, herd immunity in social contacts)
and are examples of health externalities. Atten-
tion to and measurement of unintended out-
comes that result from the embeddedness of
patients in social networks thus can prompt a
rethinking of the relative value of health care
interventions.

In addition to increasing our understanding
of social determinants of health, the study of
health externalities is an important area of re-
search because collateral health effects are often
neglected in analyses of the costs and benefits of
health interventions. As such, our understand-
ing of the cost-effectiveness of particular inter-
ventions might be very different if, rather than
only measuring direct effects on targeted in-
dividuals, as is currently the typical practice,
we also considered indirect effects on those
to whom targeted individuals are connected
(Christakis 2004). Furthermore, not only policy
makers but also individuals experiencing health
events might derive value from a greater aware-
ness and consideration of these effects. For ex-
ample, 89% of patients feel thata good death in-
volves not burdening one’s family (Steinhauser
et al. 2000); consequently, patients might pre-
fer hospice care over standard terminal care
if they felt that it would have health benefits
for bereaved relatives (Christakis & Iwashyna
2003).

These social or policy multiplier effects de-
serve further attention. Are they indeed of suffi-

cient clinical and economic importance to force
a reassessment of the cost-effectiveness of cer-
tain interventions?

When the cost/benefit assessment is made
by policy makers with a collective viewpoint,
all the downstream costs and benefits of health
care accruing to a group might be relevant, and
the argument in favor of accounting for col-
lateral effects might be even more compelling
than that perceived by individual doctors or pa-
tients. Thus, from a societal perspective, the
assessment of the cost-effectiveness of medi-
cal interventions might change substantially if
the benefits of an intervention are seen as in-
cluding the collateral positive effects and the
costs as including the collateral negative effects.
More generally, understanding network effects
will contribute to a better understanding of the
overall return on medical care and advances in
medical knowledge.

Such a concern for collateral effects could,
however, lead to unexpected results. For exam-
ple, preventing a death from heartattack, which
is clearly desirable from the individual’s per-
spective, may mean that we have to forego the
motivation to improve health habits that would
otherwise have accrued to those to whom the
patient is connected. Another provocative im-
plication is that, if it can be shown that benefits
are multiplicative in such people, policy mak-
ers might value socially connected individuals,
such as married people, more than social iso-
lates when it comes to providing health care
(Crane 1990).

The study of health externalities also is
important because it points to ways to im-
prove health habits through exploitation of
network phenomena. For example, because
person-to-person transmission of obesity ap-
pears to play an important role in the epi-
demic of obesity (Christakis & Fowler 2007),
it may be possible to harness the same forces
to slow the epidemic. More generally, it may
be possible to exploit network phenomena
to spread positive health behaviors (Wing &
Jeffery 1999, Malchodi et al. 2003, Bruckner
& Bearman 2005), in part because people may
be aware that their own risk of illness depends
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on those around them (Montgomery et al.
2003).

CONCLUSION

The evidence reviewed here illustrates some
of the many ways that individuals’ health and
well-being affect the health and well-being of
others. Studies of social network influences on
health, the role of social supportin determining
individual health, and spillover effects of illness
from one person to others have all documented
the interconnectedness or interdependence of
health among socially tied individuals. In short,
illness, disability, health behaviors, health care

use, and death in one person are associated

with similar outcomes in numerous others to
whom that person is tied, and there can be a
nonbiological transmission of illness.

The existence of social network effects on
health provides a strong theoretical and practi-
cal justification for the field of public health. To
the extent that health outcomes in an individ-
ual depend notjust on that person’s own biology
and actions, but also on the biology and actions
of those around him/her, collective and not just
individual interventions become salient. The
existence of social networks means that people
and events are interdependent and that health
and health care can transcend the individual in
ways that patients, doctors, policy makers, and
researchers should care about.

DISCLOSURE STATEMENT

The authors are not aware of any biases that might be perceived as affecting the objectivity of this
review.

LITERATURE CITED

Albert R, Barabasi AL. 2002. Statistical mechanics of complex networks. Rev. Mod. Phys. 74(1):47—
97

Albrecht S, Payne L, Stone CA, Reynolds MD. 1998. A preliminary study of the use of peer
support in smoking cessation programs for pregnant adolescents. 7. Am. Acad. Nurse Pract.
10(3):119-25

Amaral LAN, Scala A, Barthelemy M, Stanley HE. 2000. Classes of small-world networks. Proc.
Natl. Acad. Sci. USA 97(21):11149-52

Andrews JA, Tildesley E, Hops H, Li FZ. 2002. The influence of peers on young adult substance
use. Health Psychol. 21(4):349-57

Armistead L, Klein K, Forehand R. 1995. Parental physical illness and child functioning. Clin.
Psychol. Rev. 15(5):409-22

Avenevoli S, Merikangas KR. 2003. Familial influences on adolescent smoking. Addiction 98(Suppl.
1):120

Bainbridge WS. 2007. The scientific research potential of virtual worlds. Science 317(5837):472-76

Barabasi A. 2007. Network medicine—from obesity to the “diseasome.” N. Engl. 7. Med.
357(4):404-7

Baron RS, Cutrona CE, Hicklin D, Russell DW, Lubaroff DM. 1990. Social support and
immune function among spouses of cancer patients. 7. Personal. Soc. Psychol. 59(2):344-52

Barusch AS, Spaid WM. 1989. Gender differences in caregiving: Why do wives report greater
burden? Gerontologist 29(5):667-76

Bearman PS, Moody J. 2004. Suicide and friendships among American adolescents. Awmz. J. Public
Health 94(1):89-95

Bearman PS, Moody J, Stovel K. 2004. Chains of affection: the structure of adolescent romantic
and sexual networks. Am. 7. Sociol. 110(1):44-91

Smith o Christakis



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

Berkman LF, Breslow L. 1983. Health and Ways of Living: The Alameda County Study. New York:
Oxford Univ. Press

Berkman LF, Glass T. 2000. Social integration, social networks, social support, and health. See
Berkman & Kawachi 2000, pp. 137-73

Berkman LF, Glass T, Brissette I, Seeman TE. 2000. From social integration to health: Durkheim
in the new millennium. Soc. Sci. Med. 51(6):843-57

Berkman LF, Kawachi I, eds. 2000. Social Epidemiology. New York: Oxford Univ. Press

Berkman LF, Syme SL. 1979. Social networks, host-resistance, and mortality—9-year follow-up
study of Alameda County residents. Anz. 7. Epidemiol. 109(2):186-204

Bierut L], Dinwiddie SH, Begleiter H, Crowe RR, Hesselbrock V, et al. 1998. Familial transmis-
sion of substance dependence: alcohol, marijuana, cocaine, and habitual smoking: a report
from the Collaborative Study on the Genetics of Alcoholism. Arch. Gen. Psychiatry 55:982-88

Billings AG, Moos RH. 1983. Comparisons of children of depressed and nondepressed parents: a
social-environmental perspective. 7. Abnorm. Child Psychol. 11(4):463-85

Black DR, Gleser L], Kooyers KJ. 1990. A meta-analytic evaluation of couples weight-loss pro-
grams. Health Psychol. 9(3):330-47

Blazer D. 1982. Social support and mortality in an elderly community population. Anz. 7. Epideniiol.
115:684-94

Blood GW, Simpson KC, Dineen M, Kauffman SM, Raimondi SC. 1994. Spouses of individuals
with laryngeal cancer: caregiver strain and burden. 7. Commun. Disord. 27:19-35

Bond KC, Valente TW, Kendall C. 1999. Social network influences on reproductive health be-
haviors in urban northern Thailand. Soc. Sci. Med. 49(12):1599-614

Boyle MH, Sanford M, Szatman P, Merikangas K, Offord DR. 2001. Familial influences of sub-
stance use by adolescents and young adults. Can. 7. Public Health 92:206-9

Breslau N, Davis GC, Prabucki K. 1987. Searching for evidence on the validity of generalized
anxiety disorder: psychopathology in children of anxious mothers. Psychiatry Res. 20(4):285-97

Bruckner H, Bearman P. 2005. After the promise: the STD consequences of adolescent virginity
pledges. 7. Adolesc. Health 36(4):271-78

Burke MA, Heiland MA. 2007. Social dynamics of obesity. Econ. Ing. 45:571-91

Burt RD, Peterson AV Jr. 1998. Smoking cessation among high school seniors. Prev. Med.
27(3):319-27

Byrne D. 1971. The Attraction Paradigm. New York: Academic

Byrne DE, Clore GL. 1970. A reinforcement model of evaluative responses. Personal.: Int.
7 1:103-28

Cacioppo JT, Berntson GG, Sheridan JF, McClintock MK. 2000. Multilevel integrative analyses
of human behavior: social neuroscience and the complementing nature of social and biological
approaches. Psychol. Bull. 126:829-43

Carman KG. 2004. Social influences and the designation of charitable contributions: evidence from
the workplace. Diss., Econ. Dep., Univ. Calif., Berkeley. http://www.rwj.harvard.edu/
scholarsmaterials/carman/Social %20Influences%20Designation.pdf

Caspi A, Herbener ES. 1990. Continuity and change: assortative marriage and the consistency of
personality in adulthood. 7. Personal. Soc. Psychol. 58:250-58

Cassel J. 1976. Contribution of social-environment to host-resistance—4th Wade Hampton Frost
Lecture. Am. 7. Epidemiol. 104(2):107-23

Centola D, Eguiluz V, Macy M. 2007. Cascade dynamics of complex propagation. Physica A
374:449-56

Centola D, Macy M. 2007. Complex contagions and weakness of long ties. Awmz. 7. Sociol. 113:702—
34

www.annualreviews.org o Social Networks and Health



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

422

Chen PH, White HR, Pandina R]. 2001. Predictors of smoking cessation from adolescence into
young adulthood. Addict. Behav. 26(4):517-29

Chown SM. 1981. Friendship in old age. In Personal Relationships. Vol. 2: Developing Personal
Relationships, ed. S Duck, R Gilmour, pp. 231-46. London: Academic

Christakis NA. 2004. Social networks and collateral health effects have been ignored in medical
care and clinical trials, but need to be studied. Br: Med. 7. 329(7459):184-85

Christakis NA, Allison PD. 2006. Mortality after the hospitalization of a spouse. N. Engl. 7. Med.
354(7):719-30

Christakis NA, Fowler JH. 2007. The spread of obesity in a large social network over 32 years.
N. Engl. 7. Med. 357(4):370-79

Christakis NA, Iwashyna TJ. 2003. The health impact of health care on families: a matched cohort
study of hospice use by decedents and mortality outcomes in surviving, widowed spouses. Soc.
Sci. Med. 57(3):465-75

Clipp EC, George LK. 1993. Dementia and cancer: a comparison of spouse caregivers. Gerontologist
33(4):534-41

Cobb S. 1976. Social support as a moderator of life stress. Psychosom. Med. 38(5):300-14

Cohen S, Doyle W], Skoner DP, Rabin BS, Gwaltney JM Jr. 1997. Social ties and susceptibility
to the common cold. 7AMA 277(24):1940-44

Cohen S, Syme SL, eds. 1985. Social Support and Health. Orlando, FL: Academic

Coleman J, Katz E, Menzel H. 1957. The diffusion of innovations among physicians. Sociomzetry
20(4):253-70

Coleman J, Katz E, Menzel H. 1966. Medical Innovation: A Diffusion Study. Indianapolis, IN:
Bobbs-Merrill

Coleman JS. 1990. Foundations of Social Theory. Cambridge, MA: Harvard Univ. Press

Collins C, Jones R. 1997. Emotional distress and morbidity in dementia carers: a matched com-
parison of husbands and wives. Int. J. Geriatr. Psychiatry 12:1168-73

Condon JW, Crano WD. 1988. Inferred evaluation and the relation between attitude similarity
and interpersonal attraction. 7. Personal. Soc. Psychol. 54:789-97

Cox PR, Ford JR. 1964. The mortality of widows shortly after widowhood. Lancet 1:163—-64

Cram P, Fendrick AM, Inadomi J, Cowen ME, Carpenter D, Vijan S. 2003. The impact of a
celebrity promotional campaign on the use of colon cancer screening—the Katie Couric
effect. Arch. Intern. Med. 163(13):1601-5

Crane D. 1990. The Sanctity of Social Life: Physicians’ Treatment of Critically 1ll Patients. New
Brunswick, NJ: Transaction Books

Csikszentmihalyi M, Larson R. 1992. Validity and reliability of the Experience Sampling Method.
In The Experience of Psychopathology: Investigating Mental Disorders in Their Natural Settings,
ed. MW de Vries, pp. 43-57. New York: Cambridge Univ. Press

Curtis R, Friedman SR, Neaigus A, Jose B, Goldstein M, Ildefonso G. 1995. Street-level drug
markets—network structure and HIV risk. Soc. Nerw. 17(3-4):229-49

Davey Smith G, Ebrahim S. 2003. “Mendelian randomization”: can genetic epidemiology con-
tribute to understanding environmental determinants of disease? Int. J. Epidemiol. 32:1-22

Ding W, Lehrer SF, Rosenquist JN, Audrain-McGovern J. 2006. The impact of poor health on
education: new evidence using genetic markers. NBER Work. Pap. 12304, Natl. Bur. Econ. Res.,
Cambridge, MA

Drotar D. 1994. Impact of parental health problems on children: concepts, methods, and unan-
swered questions. 7. Pediatr: Psychol. 19(5):525-36

Dunkin JJ, Anderson-Hanley C. 1998. Dementia caregiver burden: a review of the literature and
guidelines for assessment and intervention. Neurology 51(Suppl. 1):S53-60

Smith o Christakis



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

Eisenberg ME, Neumark-Sztainer D, Story M, Perry C. 2005. The role of social norms and
friends’ influences on unhealthy weight-control behaviors among adolescent girls. Soc. Sci.
Med. 60(6):1165-73

Elwert F, Christakis NA. 2006. Widowhood and race. Am. Sociol. Rev. 71(1):16-41

Entwisle B, Faust K, Rindfuss RR, Kaneda T. 2007. Networks and contexts: variation in the
structure of social ties. Am. 7. Sociol. 112(5):1495-533

Entwisle B, Rindfuss RR, Guilkey DK, Chamratrithirong A, Curran SR, Sawangdee Y. 1996. Com-
munity and contraceptive choice in rural Thailand: a case study of Nang Rong. Demography
33(1):1-11

Esterling BA, Kiecolt-Glaser JK, Glaser R. 1996. Psychosocial modulation of cytokine-induced
natural killer cell activity in older adults. Psychosom. Med. 58(3):264-72

Farr W. 1858. Influence of marriage on the mortality of the French people. In Tiransactions of the
National Association for the Promotion of Social Science, ed. GW Hastings, pp. 504-13. London:
Park & Son

Fischer CS. 1982. 1o Dwell Among Friends: Personal Networks in Town and City. Chicago: Univ.
Chicago Press

Fischer CS, Jackson RM, Steuve CA, Gerson K, Jones LM, Baldassare M. 1977. Networks and
Places: Social Relations in the Urban Setting. New York: Free Press

Fitting M, Rabins P, Lucas MJ, Eastham J. 1986. Caregivers for dementia patients: a comparison
of husbands and wives. Gerontologist 26(3):248-52

Fleury J. 1993. An exploration of the role of social networks in cardiovascular risk reduction. Heart
Lung 22(2):134-44

Forehand RN, Long GH, Fauber BR. 1986. Home predictors of young adolescents’ school be-
havior and academic performance. Child Dev. 57(6):1528-33

Friedman SR, Neaigus A, Jose B, Curtis R, Goldstein M, et al. 1997. Sociometric risk networks
and risk for HIV infection. Am. . Public Health 87(8):1289-96

Goldman JA. 1981. The social interaction of preschool children in same-age versus mixed-age
groupings. Child Dev. 52:644-50

Goldman N. 1993. Marriage selection and mortality patterns: inferences and fallacies. Demzography
30:189-208

Goldman N. 1994. Social factors and health: the causation-selection issue revisited. Proc. Natl.
Acad. Sci. USA 91:1251-55

Goodwin PJ, Leszcz M, Ennis M, Koopmans ], Vincent L, et al. 2001. The effect of group
psychosocial support on survival in metastatic breast cancer. N. Engl. 7. Med. 345:1719-26

Gorin A, Phelan S, Tate D, Sherwood N, Jeffery R, Wing R. 2005. Involving support partners in
obesity treatment. 7. Consult. Clin. Psychol. 73(2):341-43

Gove WR. 1973. Sex, marital status, and mortality. Am. 7. Sociol. 79:45-67

Granovetter M. 1973. Strength of weak ties. Amz. 7. Sociol. 78(6):1360-80

Guo G. 2006. Genetic similarity shared by best friends among adolescents. Twin Res. Hum. Genet.
9(1):113-21

Hammond RA, Epstein JM. 2007. Exploring price-independent mechanisms in the obesity epidemic.
Work. Pap. No. 48, Brookings Inst. Cent. Soc. Econ. Dyn., Washington, DC

Hampton KN, Wellman B. 2000. Examining community in the digital neighborhood: early results
from Canada’s wired suburb. In Digital Cities: Technologies, Experiences and Future Perspectives,
ed. T Ishida, K Isbister, pp. 194-208. Heidelberg: Springer-Verlag

Heckathorn DD. 1997. Respondent-driven sampling: a new approach to the study of hidden
populations. Soc. Probl. 44(2):174-99

Heckathorn DD. 2002. Respondent-driven sampling II: deriving valid population estimates from
chain-referral samples of hidden populations. Soc. Probl. 49(1):11-34

www.annualreviews.org o Social Networks and Health

423



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

424

Helleringer S, Kohler H-P. 2007. Sexual network structure and the spread of HIV in Africa:
evidence from Likoma Island, Malawi. AIDS 21:2323-32

Hesling KJ, Szklo M. 1981. Mortality after bereavement. An. 7. Epidemiol. 114:41-52

House JS, Landis KR, Umberson D. 1988. Social relationships and health. Science 241:540-45

House JS, Robbins C, Metzner HL. 1982. The association of social relationships and activities
with mortality: prospective evidence from the Tecumseh Community Health Study. Ams. 7.
Epidemiol. 116:123-40

Hu Y, Goldman N. 1990. Mortality differentials by marital status: an international comparison.
Demography 27:233-50

Jacob T, Johnson SL. 1997. Parent-child interaction among depressed fathers and mothers: impact
on child functioning. 7. Fam. Psychol. 11(4):391-409

Jones DR. 1987. Heart disease mortality following widowhood: some results from the OPCS
longitudinal study. 7. Psychosom. Res. 31:325-33

Jones JH, Handcock MS. 2003. Sexual contacts and epidemic thresholds. Nazture 423(6940):605-6

Kaplan CP, Napoles-Springer A, Stewart SL, Perez-Stable EJ. 2001. Smoking acquisition among
adolescents and young Latinas: the role of socioenvironmental and personal factors. Addict.
Bebav. 26(4):531-50

Kaprio J, Koskenvuo M, Rita H. 1987. Mortality after bereavement—a prospective-study of 95,647
widowed persons. Am. 7. Public Health 77(3):283-87

Kawachi I, Berkman LF, eds. 2003. Neighbourhoods and Health. New York: Oxford Univ. Press

Keating NL, Ayanian JZ, Cleary PD, Marsden PV. 2007. Factors affecting influential discussions
among physicians: a social network analysis of a primary care practice. 7. Gen. Int. Med.
22(6):794-98

Kelsey K, Earp JL, Kirkley BG. 1997. Is social support beneficial for dietary change? A review of
the literature. Fam. Community Health 20(3):70-82

Kiecolt-Glaser JK, Dura JR, Speicher CE, Trask O], Glaser R. 1991. Spousal caregivers of de-
mentia victims: longitudinal changes in immunity and health. Psychosom. Med. 53:345-62

Klovdahl AS, Graviss EA, Yaganehdoost A, Ross MW, Wanger A, etal. 2001. Networks and tuber-
culosis: an undetected community outbreak involving public places. Soc. Sci. Med. 52(5):681—
94

Kohler HP. 2001. Fertility and Social Interaction: An Economic Approach. New York: Oxford Univ.
Press

Kohler HP, Behrman JR, Watkins SC. 2001. The density of social networks and fertility decisions:
evidence from South Nyanza District, Kenya. Demography 38(1):43-58

Korenman S, Goldman N, Fu H. 1997. Misclassification bias in estimates of bereavement effects.
Am. 7. Epidemiol. 145:995-1002

Korneluk YG, Lee CM. 1998. Children’s adjustment to parental physical illness. Clin. Child Fam.
Psychol. Rev. 1(3):179-93

Kupersmidt JB, DeRosier ME, Patterson CP. 1995. Similarity as the basis for children’s friend-
ships: the roles of sociometric status, aggressive and withdrawn behavior, academic achieve-
ment and demographic characteristics. 7. Soc. Pers. Relationsh. 12:439-52

Larson R, Richards MH. 1994. Divergent Realities: The Emotional Lives of Mothers, Fathers, and
Adolescents. New York: Basic Books

Latkin C, Mandell W, Vlahov D, Knowlton A, Oziemkowska M, Celentano D. 1995. Personal
network characteristics as antecedents to needle-sharing and shooting gallery attendance. Soc.
Nerw. 17(3-4):219-28

Laumann EO. 1973. Bonds of Pluralism. New York: Wiley

Laumann EO, Youm Y. 1999. Racial/ethnic group differences in the prevalence of sexually trans-
mitted diseases in the United States: a network explanation. Sex. Transm. Dis. 26(5):250-61

Smith o Christakis



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

Lee CM, Gotlib IH. 1989. Maternal depression and child adjustment: a longitudinal analysis.
F. Abnorm. Psychol. 98(1):78-85

Liljeros F, Edling CR, Amaral LAN, Stanley HE, Aberg Y. 2001. The web of human sexual
contacts. Nature 411(6840):907-8

Liljeros F, Edling CR, Stanley HE, Aberg Y, Amaral LAN. 2003. Sexual contacts and epidemic
thresholds—reply. Nature 423(6940):606

Lillard LA, Panis CWA. 1996. Marital status and mortality: the role of health. Demography
33(3):313-27

Lillard LA, Waite LJ. 1995. Til death do us part—marital disruption and mortality. Am. 7. Sociol.
100(5):1131-56

Lindmark E, Diderholm E, Wallentin L, Siegbahn A. 2001. Relationship between interleukin 6
and mortality in patients with unstable coronary artery disease: effects of an early invasive or
noninvasive strategy. fAMA 286(17):2107-13

Litwak E, Messeri P, Wolfe S, Gorman S, Silverstein M, Guilarte M. 1989. Organizational theory,
social supports, and mortality rates: a theoretical convergence. Am. Sociol. Rev. 54:49-66

Loomis CP. 1946. Political and occupational cleavages in a Hanoverian village. Sociometry 9:316-
33

Louch H. 2000. Personal network integration: transitivity and homophily in strong-tie relations.
Soc. Netw. 22:45-64

Lowe CF, Horne PJ, Tapper K, Bowdery M, Egerton C. 2004. Effects of a peer modelling and
rewards-based intervention to increase fruit and vegetable consumption in children. Eur. 7.
Clin. Nutr: 58(3):510-22

Lutgendorf SK, Johnsen EL, Cooper B, Anderson B, Sorosky JI, et al. 2002. Vascular endothelial
growth factor and social support in patients with ovarian carcinoma. Cancer 95(4):808-15

Malchodi CS, Oncken C, Dornelas EA, Caramanica L, Gregonis E, Curry SL. 2003. The effects
of peer counseling on smoking cessation and reduction. Obstet. Gynecol. 101(3):504-10

Manski CF. 1995. Identification Problems in the Social Sciences. Cambridge, MA: Harvard Univ. Press

Marsden P. 1987. Core discussion networks of Americans. Anz. Sociol. Rev. 52:122-313

Martikainen P, Valkonen T. 1996. Mortality after the death of a spouse: rates and causes of death
in a large Finnish cohort. Am. 7. Public Health 86(8):1087-93

Matthews SH. 1995. Friendships in old age. In A Lifetime of Relationships, ed. N Vanzetti, S Duck,
pp. 406-30. San Francisco: Brooks/Cole

McKnight AJ, McPherson K. 1986. Evaluation of peer intervention training for high school
alcohol safety education. Accid. Anal. Prev. 18(4):339-47

McLennan JD, Kotelchuck M. 2000. Parental prevention practices for young children in the
context of maternal depression. Pediatrics 105(5):1090-95

McPherson M, Smith-Lovin L, Brashears ME. 2006. Social isolation in America: changes in core
discussion networks over two decades. Amz. Sociol. Rev. 71(3):353-75

McPherson M, Smith-Lovin L, Cook JM. 2001. Birds of a feather: homophily in social networks.
Annu. Rev. Sociol. 27:415-44

Meyers LA, Newman ME]J, Martin M, Schrag S. 2003. Applying network theory to epidemics:
control measures for Mycoplasma pnewmoniae outbreaks. Emerg. Infect. Dis. 9(2):204-10

Meyers LA, Pourbohloul B, Newman ME]J, Skowronski DM, Brunham RC. 2005. Network theory
and SARS: predicting outbreak diversity. 7. Theor: Biol. 232(1):71-81

Mikail SF, von Baeyer CL. 1990. Pain, somatic focus, and emotional adjustment in children of
chronic headache sufferers and controls. Soc. Sci. Med. 31(1):51-59

Miller GE, Cohen S, Ritchey AK. 2002. Chronic psychological stress and the regulation of proin-
flammatory cytokines: a glucocorticoid-resistance model. Health Psychol. 21(6):531-41

www.annualreviews.org o Social Networks and Health

425



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

426

Mitchell JC, ed. 1969. The Concept and Use of Social Networks. Manchester, UK: Manchester Univ.
Press

Mittelman MS, Ferris SH, Shulman E, Steinberg G, Ambinder A, et al. 1995. A comprehensive
support program: effect on depression in spouse-caregivers of AD patients. Gerontologist
35(6):792-802

Montgomery GH, Erblich J, Dilorenzo T, Bovbjerg DH. 2003. Family and friends with disease:
their impact on perceived risk. Prev. Med. 37(3):242-49

Montgomery MR, Casterline JB. 1993. The diffusion of fertility control in Taiwan: evidence from
pooled cross-section time-series models. Popul. Stud. 47(3):457-79

Moritz DJ, Kasl SV, Berkman LF. 1989. The health impact of living with a cognitively impaired
elderly spouse: depressive symptoms and social functioning. 7. Geronrol. 44(1):S17-27

Murabito JM, Evans JC, Larson MG, Kreger BE, Splansky GL, et al. 2001. Family breast cancer
history and mammography—Framingham Offspring Study. Amz. 7. Epidemiol. 154(10):916-
23

Nattinger AB, Hoffmann RG, Howell-Pelz A, Goodwin JS. 1998. Effect of Nancy Reagan’s
mastectomy on choice of surgery for breast cancer by US women. 74MA 279(10):762—
66

Newcomb T. 1961. The Acquaintance Process. New York: Holt, Rinehart, & Winston

Oswald AJ, Powdthavee N. 2007. Obesity, unhappiness, and the challenge of affluence: theory
and evidence. Econ. 7. 117:F441-54

Parkes CM, Benjamin B, Fitzgerald RG. 1969. Broken heart: a statistical study of increased mor-
tality among widowers. Br. Med. 7. 1:740-43

Potterat JJ, Phillips-Plummer L, Muth SQ, Rothenberg RB, Woodhouse DE, et al. 2002. Risk
network structure in the early epidemic phase of HIV transmission in Colorado Springs. Sex.
Transm. Infect. 78:1159-63

Pradhan AD, Manson JE, Rossouw JE, Siscovick DS, Mouton CP, et al. 2002. Inflammatory
biomarkers, hormone replacement therapy, and incident coronary heart disease: prospective
analysis from the Women’s Health Initiative observational study. 74MA 288(8):980-87

Prince F. 1995. The relative effectiveness of a peer-led and adult-led smoking intervention pro-
gram. Adolescence 30(117):187-94

Pruchno RA, Kleban MH, Michaels E, Dempsey NP. 1990. Mental and physical health of care-
giving spouses: development of a causal model. 7. Gerontol. 45(5):P192-99

Pruchno RA, Potashnik SL. 1989. Caregiving spouses: physical and mental health in perspective.
F. Am. Geriatr. Soc. 37:697-705

Pruchno RA, Resch NL. 1989a. Aberrant behaviors and Alzheimer’s disease: mental health effects
on spouse caregivers. 7. Gerontol. 44(5):S177-82

Pruchno RA, Resch NL. 1989b. Husbands and wives as caregivers: antecedents of depression and
burden. Gerontologist 29(2):159-65

Rajan KB, Lerouz BG, Peterson AV, Bricker JB, Andersen MR, et al. 2003. Nine year prospective
association between older siblings’ smoking and children’s daily smoking. 7. Adolesc. Health
33:25-30

Rende R, Slomkowski C, Lloyd-Richardson E, Niaura R. 2005. Sibling effects on substance use
in adolescence: social contagion and genetic relatedness. 7. Fam. Psychol. 19(4):611-18

Richardson HM. 1940. Community values as a factor in friendships of college and adult women.
7. Soc. Psychol. 11:303-12

Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. 2000. Plasma concentration of interleukin-
6 and the risk of future myocardial infarction among apparently healthy men. Circulation
101:1767-72

Smith o Christakis



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

Rindfuss RR, Choe MK, Bumpass LL, Tsuya NO. 2004. Social networks and family change in
Japan. Am. Sociol. Rev. 69(6):838-61

Rosero-Bixby L, Casterline JB. 1994. Interaction diffusion and fertility transition in Costa-Rica.
Soc. Forces 73(2):435-62

Rothenberg RB, Potterat JJ, Woodhouse DE, Muth SQ, Darrow WW, Klovdahl AS. 1998.
Social network dynamics and HIV transmission. AIDS 12(12):1529-36

Rushton JP, Bons TA. 2005. Mate choice and friendship in twins: evidence for genetic similarity.
Psychol. Sci. 16:555-59

Russo J, Vitaliano PP. 1995. Life events as correlates of burden in spouse caregivers of persons
with Alzheimer’s disease. Exp. Aging Res. 21:273-94

Russo ], Vitaliano PP, Brewer DD, Katon W, Becker J. 1995. Psychiatric disorders in spouse
caregivers of care recipients with Alzheimer’s disease and matched controls: a diathesis-stress
model of psychopathology. 7. Abnorm. Psychol. 104(1):197-204

Sacerdote B. 2001. Peer effects with random assignment: results for Dartmouth roommates. Q. 7.
Econ. 116(2):681-704

Salganik MJ, Heckathorn DD. 2004. Sampling and estimation in hidden populations using
respondent-driven sampling. Sociol. Methodol. 34:193-239

Sallis JF, Grossman RM, Pinski RB, Patterson TL, Nader PR. 1987. The development of scales
to measure social support for diet and exercise behaviors. Prev. Med. 16(6):825-36

Sanchez F, Wang X, Castillo-Chdvez C, Gorman DM, Gruenwald PJ. 2007. Drinking as an
epidemic—a simple mathematical model with recovery and relapse. In Therapist’s Guide
to Evidence-Based Relapse Prevention, ed. K Witkiewitz, G Marlatt, pp. 353-68. New York:
Academic

Schaefer C, Quesenberry CP, Wi S. 1995. Mortality following conjugal bereavement and the
effects of a shared environment. Awm. 7. Epidemiol. 141(12):1142-52

Schoenbach VJ, Kaplan BH, Fredman L, Kleinbaum DG. 1986. Social ties and mortality in Evans
County, Georgia. Am. J. Epidemiol. 123:577-91

Scholte op Reimer WJM, de Haan R], Rijnders PT, Limburg M, van den Bos GA. 1998. The
burden of caregiving in partners of long-term stroke survivors. Stroke 29(8):1605-11

Schulz R, Beach SR. 1999. Caregiving as a risk factor for mortality—the Caregiver Health Effects
Study. JAMA 282(23):2215-19

Schwartz CE, Dorer DJ, Beardslee WR, Lavori PW, Keller MB. 1990. Maternal expressed emo-
tion and parental affective disorder: risk for childhood depressive disorder, substance abuse,
or conduct disorder. 7. Psychiatr: Res. 24(3):231-50

Seeman TE, Berkman LF, Kohout F, Lacroix A, Glynn R, Blazer D. 1993. Intercommunity
variations in the association between social ties and mortality in the elderly: a comparative
analysis of three communities. Ann. Epidemiol. 3:325-35

Shaw WS, Patterson TL, Semple SJ, Ho S, Irwin MR, etal. 1997. Longitudinal analysis of multiple
indicators of health decline among spousal caregivers. Ann. Behav. Med. 19(2):101-9

Siegel K, Raveis VH, Mor V, Houts P. 1991. The relationship of spousal caregiver burden to
patient disease and treatment-related conditions. Ann. Oncol. 2:511-16

Silver EJ, Westbrook LE, Stein RE. 1999. Relationship of parental psychological distress to con-
sequences of chronic health conditions in children. 7. Pediatr: Psychol. 23(1):5-15

Spiegel D. 2001. Mind matter—group therapy and survival in breast cancer. N. Engl. 7. Med.
345:1767-68

Spiegel D, Bloom JR, Kraemer HC, Gottheil E. 1989. Effect of psychosocial treatment on survival
of patients with metastatic breast cancer. Lancer 2:888-91

www.annualreviews.org o Social Networks and Health

427



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

428

Steinhauser AE, Christakis NA, Clipp EC, McNeilly M, McIntyre L, Tulsky JA. 2000. Factors
considered importantat the end oflife by patients, family, physicians, and other care providers.
FAMA 284(19):2476-82

Strauss RS, Pollack HA. 2003. Social marginalization of overweight children. Arch. Intern. Med.
157:746-52

Thoits PA. 1995. Stress, coping, and social support processes: Where are we? What next? 7. Health
Soc. Bebav. 35(Extra Issue):53-79

Thombs DL, Hamilton MJ. 2002. Effects of a social norm feedback campaign on the drinking
norms and behavior of Division I student-athletes. 7. Drug Educ. 32(3):227-44

Thyen U, Terres NM, Yazdgerdi SR, Perrin JM. 1998. Impact of long-term care of children
assisted by technology on maternal health. 7. Dev. Bebav. Pediatr: 19(4):273-82

Urberg KA, Degirmencioglu SM, Pilgrim C. 1997. Close friend and group influence on adolescent
cigarette smoking and alcohol use. Dev. Psychol. 33(5):834-44

Valente TW. 1995. Network Models of the Diffusion of Innovations. Cresskill, NJ: Hampton

Valente TW, Vlahov D. 2001. Selective risk taking among needle exchange participants: implica-
tions for supplemental interventions. Amz. J. Public Health 91(3):406-11

Valente TW, Watkins SC, Jato MN, Vanderstraten A, Tsitsol LPM. 1997. Social network associ-
ations with contraceptive use among Cameroonian women in voluntary associations. Soc. Sci.
Med. 45(5):677-87

Verbrugge LM. 1977. The structure of adult friendship choices. Soc. Forces 56:576-97

Verheijden MW, Bakx JC, Van Weel C, Koelen MA, Van Staveren WA. 2005. Role of social
support in lifestyle-focused weight management interventions. Eur. 7. Clin. Nutr. 59:5179-
86

Waddington SR, Busch-Rossnagel NA. 1992. The influence of a child’s disability on mother’s
role functioning and psychological well-being. Genet. Soc. Gen. Psychol. Monogr. 118(3):293—
311

Walker LS, Garber J, Green JW. 1994. Somatic complaints in pediatric patients: a prospective
study of the role of negative life events, child social and academic competence, and parental
somatic symptoms. 7. Consult. Clin. Psychol. 62(6):1213-21

Wasserman S, Faust K. 1994. Social Network Analysis: Methods and Applications. Cambridge, UK:
Cambridge Univ. Press

Watts DJ. 2004. The “new” science of networks. Annu. Rev. Sociol. 30:243-70

Watts DJ, Strogatz SH. 1998. Collective dynamics of “small world” networks. Nature 393:440-42

Wechsler H, Moeykens B, Davenport A, Castillo S, Hansen J. 1995. The adverse impact of heavy
episodic drinkers on other college students. 7. Stud. Alcobol 56(6):628-34

Weissman MM, Gammon GD, John K, Merikangas KR, Warner V, et al. 1987. Children of
depressed parents. Increased psychopathology and early onset of major depression. Arch.
Gen. Psychiatry 44(10):847-53

Weissman MM, Pilowsky DJ, Wickramaratne PJ, Talati A, Wisniewski SR, etal. 2006. Remissions
in maternal depression and child psychopathology. 7AMA 295:1389-98

Welin L, Tibblin G, Svirdsudd K, Tibblin B, Ander-Peciva S, et al. 1985. Prospective study of
social influences on mortality: the study of men born in 1913 and 1923. Lancet 1:915-18

Wellman B, Berkowitz SD. 1988. Social Structures: A Network Approach. Cambridge, UK:
Cambridge Univ. Press

Williamson GM, Shaffer DR, Schulz R. 1998. Activity restriction and prior relationship history
as contributors to mental health outcomes among middle-aged and older spousal caregivers.
Health Psychol. 17(2):152-62

Wing RR, Jeffery RW. 1999. Benefits of recruiting participants with friends and increasing social
support for weight loss and maintenance. 7. Consult. Clin. Psychol. 67(1):132-38

Smith o Christakis



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org

by University of Oregon on 05/11/09. For personal use only.

Young M, Benjamin B, Wallis C. 1963. The mortality of widowers. Lancet 2:454-56

Zarit SH, Todd PT, Zarit JM. 1986. Subjective burden of husbands and wives as caregivers: a
longitudinal study. Gerontologist 26(3):260-66

Zick CD, Smith KR. 1991. Marital transitions, poverty, and gender differences in mortality.
7 Marriage Fam. 53:327-36

Zuckerman BS, Beardslee WR. 1987. Maternal depression: a concern for pediatricians. Pediatrics
79(1):110-17

www.annualreviews.org o Social Networks and Health

429



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org
by University of Oregon on 05/11/09. For personal use only

Figure 1

This subcomponent of the Framingham Heart Study (FHS) social network in 2000 contains 2200 individuals. Node borders
indicate sex (red = female, blue = male), node color indicates obesity (yellow = BMI > 30), node size is proportional to BMI,
and arrow colors indicate relationship (purple = friend or spouse, orange = biological kin). (Adapted from Christakis & Fowler
2007.)

www.annualreviews.org o Social Networks and Health — C-1



Annu. Rev. Sociol. 2008.34:405-429. Downloaded from arjournals.annualreviews.org
by University of Oregon on 05/11/09. For personal use only

Ego

Other 1 [l child [l [] Partner

Ego
Other 1 E\j Ch||d L—"s: Neighbor Other 2
Figure 2

Individuals included in a data set are indicated with open squares, and excluded individuals are indicated with closed squares.
The arrows indicate whether information is sought from a respondent about the specified other. (fop) Most large-scale, repre-
sentative data sets containing network data are configured as shown here: Either information is sought from egos about speci-
fied, unobserved alters (e.g., friends with whom the ego discusses a particular topic), or a specific alter (typically, a spouse) is
identified and impaneled into the data set, allowing for information to be collected directly from him/her, as well. (botrom) In
contrast to the more typical network designs shown in the top panel, the bottom panel illustrates an alternative data architecture
in which the sample is initiated by impaneling a set of egos but then captures more individuals within the network.
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Figure 3

In the conventional perspective on medical care, the costs and benefits of health care are judged according to their ability to
achieve direct, intended outcomes in patients. However, because patients are connected to others via social ties, health care
delivered to one person, quite apart from its effects on that person, may have health effects on others. The cumulative impact of
the intervention is thus the sum of the direct outcomes in the patient plus the collateral outcomes in others. (Adapted from

Christakis 2004.)
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