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Figure 2. Part of the Social Network from the Framingham Heart Study with Information about Body-Mass Index According to Year.

Each circle (node) represents one person in the data set. Circles with red borders denote women, and circles with blue borders denote men.
The size of each circle is proportional to the person’s body-mass index. The interior color of the circles indicates the person’s obesity status:
yellow denotes an obese person (body-mass index, =30) and green denotes a nonobese person. The colors of the ties between the circles
indicate the relationship between them: purple denotes a friendship or a marital tie and orange denotes a familial tie. The disappearance
of a circle from one year to another indicates the person’s death, and the disappearance of a tie between the circles indicates that the re-
lationship between the two persons no longer exists. The largest connected subcomponent of the whole network and the change in obe-
sity over the 32-year study period are shown in an animation that is available with the full text of this article at www.nejm.org.
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THE SPREAD OF OBESITY IN A LARGE SOCIAL NETWORK OVER 32 YEARS

Figure 3. Effect of Social and Geographic Distance from
Obese Alters on the Probability of an Ego’s Obesity in
the Social Network of the Framingham Heart Study.

Panel A shows the mean effect of an ego’s social prox-
imity to an obese alter; this effect is derived by compar-
ing the conditional probability of obesity in the observed
network with the probability of obesity in identical net-
works (with topology preserved) in which the same
number of obese persons is randomly distributed. The
social distance between the alter and the ego is repre-
sented by degrees of separation (1 denotes one degree
of separation from the ego, 2 denotes two degrees of
separation from the ego, and so forth). The examina-
tion took place at seven time points. Panel B shows the
mean effect of an ego’s geographic proximity to an obese
alter. We ranked all geographic distances (derived from
geocoding) between the homes of directly connected
egos and alters (i.e., those pairs at one degree of sepa-
ration) and created six groups of equal size. This figure
shows the effects observed for the six mileage groups
(based on their average distance): 1 denotes 0 miles
(i.e., closest to the alter’s home), 2 denotes 0.26 mile,
3 denotes 1.5 miles, 4 denotes 3.4 miles, 5 denotes
9.3 miles, and 6 denotes 471 miles (i.e., farthest from
the alter’s home). There is no trend in geographic dis-
tance. I bars for both panels show 95% confidence in-
tervals based on 1000 simulations. To convert miles to
kilometers, multiply by 1.6.

poraneous obesity (changing from 0 to 1), using
1000 randomly drawn sets of estimates from the
coefficient covariance matrix and assuming mean
values for all other variables.?® All tests were
two-tailed. The sensitivity of the results was as-
sessed with multiple additional analyses (see the
Supplementary Appendix).
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Figure 1 depicts the largest connected subcom-
ponent of the social network in the year 2000.
This network is sufficiently dense to obscure
much of the underlying structure, although re-
gions of the network with clusters of obese or
nonobese persons can be seen. Figure 2 illus-
trates the spread of obesity between adjoining
nodes in a part of the network over time. A video
(available with the full text of this article at www.
nejm.org) depicts the evolution of the largest
component of the network and shows the prog-
ress of the obesity epidemic over the 32-year study
period.

Figure 3A characterizes clusters within the
entire network more formally. To quantify these
clusters, we compared the whole observed net-
work with simulated networks with the same
network topology and the same overall preva-

lence of obesity as the observed network, but with
the incidence of obesity randomly distributed
among the nodes (in what we call “random body-
mass—index networks”). If clustering is occur-
ring, then the probability that an alter will be
obese, given that an ego is known to be obese,
should be higher in the observed network than
in the random body-mass—index networks. What
we call the “reach” of the clusters is the point, in
terms of an alter’s degree of separation from any
given ego, at which the probability of an alter’s
obesity is no longer related to whether the ego
is obese. In all of the examinations (from 1971
through 2003), the risk of obesity among alters
who were connected to an obese ego (at one de-
gree of separation) was about 45% higher in the
observed network than in a random network. The
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Figure 4. Probability That an Ego Will Become Obese According to the Type
of Relationship with an Alter Who May Become Obese in Several Subgroups
of the Social Network of the Framingham Heart Study.

The closeness of friendship is relevant to the spread of obesity. Persons in
closer, mutual friendships have more of an effect on each other than persons
in other types of friendships. The dependent variable in each model is the
obesity of the ego. Independent variables include a time-lagged measure-
ment of the ego’s obesity; the obesity of the alter; a time-lagged measure-
ment of the alter’s obesity; the ego’s age, sex, and level of education; and
indicator variables (fixed effects) for each examination. Full models and
equations are available in the Supplementary Appendix. Mean effect sizes
and 95% confidence intervals were calculated by simulating the first differ-
ence in the contemporaneous obesity of the alter (changing from 0 to 1)
with the use of 1000 randomly drawn sets of estimates from the coefficient
covariance matrix and with all other variables held at their mean values.
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risk of obesity was also about 20% higher for al-
ters’ alters (at two degrees of separation) and
about 10% higher for alters’ alters’ alters (at three
degrees of separation). By the fourth degree of
separation, there was no excess relationship be-
tween an ego’s obesity and the alter’s obesity.
Hence, the reach of the obesity clusters was three
degrees.

Figure 3B indicates that the effect of geo-
graphic distance is different from the effect of
social distance. Whereas increasing social dis-
tance appeared to decrease the effect of an alter
on an ego, increasing geographic distance did not.
The obesity of the most geographically distant
alters correlated as strongly with an ego’s obesity
as did the obesity of the geographically closest
alters. These results suggest that social distance
plays a stronger role than geographic distance in
the spread of behaviors or norms associated with
obesity.

We evaluated the extent of interpersonal asso-
ciation in obesity with the use of regression
analysis. Our models account for homophily by
including a time-lagged measurement of the
alter’s obesity. We evaluated the possible role of

unobserved contemporaneous events by separate-
ly analyzing models of subgroups of the data in-
volving various ego—alter pairings. Figure 4 sum-
marizes the associations.

If an ego stated that an alter was his or her
friend, the ego’s chances of becoming obese ap-
peared to increase by 57% (95% confidence in-
terval [CI], 6 to 123) if the alter became obese.
However, the type of friendship appeared to be
important. Between mutual friends, the ego’s risk
of obesity increased by 171% (95% CI, 59 to 326)
if an alter became obese. In contrast, there was
no statistically meaningful relationship when the
friendship was perceived by the alter but not the
ego (P=0.70). Thus, influence in friendship ties
appeared to be directional.

The sex of the ego and alter also appeared to
be important. When the sample was restricted to
same-sex friendships (87% of the total), the prob-
ability of obesity in an ego increased by 71%
(95% CI, 13 to 145) if the alter became obese.
For friends of the opposite sex, however, there
was no significant association (P=0.64). Among
friends of the same sex, a man had a 100% (95%
CI, 26 to 197) increase in the chance of becom-
ing obese if his male friend became obese, where-
as the female-to-female spread of obesity was
not significant (38% increased chance; 95% CI,
-39 to 101).

Among pairs of adult siblings, one sibling’s
chance of becoming obese increased by 40%
(95% CI, 21 to 60) if the other sibling became
obese. This phenomenon appeared to be more
marked among siblings of the same sex (55%;
95% CI, 26 to 88) than among siblings of the
opposite sex (27%; 95% CI, 3 to 54), although the
difference was not significant (P=0.16). Among
brothers, an ego’s chance of becoming obese in-
creased by 44% (95% CI, 6 to 91) if his alter be-
came obese, and among sisters, an ego’s chance
of becoming obese increased by 67% (95% CI,
27 to 114) if her alter became obese. Obesity in
a sibling of the opposite sex did not affect the
chance that the other sibling would become
obese.

Among married couples, when an alter became
obese, the spouse was 37% more likely (95% CI,
7 to 73) to become obese. Husbands and wives
appeared to affect each other similarly (44% and
37%, respectively). Finally, we observed no effect
on the risk that an ego would become obese if
an immediate neighbor became obese.
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We also investigated two factors that might
mediate or modify the effect of an alter’s weight
gain: his or her smoking behavior and geograph-
ic distance from the ego (see the Supplementary
Appendix). We added measures of smoking be-
havior for the ego and the alter at both the cur-
rent and previous examinations. The coefficient
for the effect of the alter’s obesity was virtually
unchanged; smoking behavior does not appear to
be instrumental to the spread of obesity. Models
that included the geographic distance between
the ego and alter corroborated the result shown
in Figure 3B: geographic distance did not modify
the intensity of the effect of the alter’s obesity on
the ego.

DISCUSSION

Our study suggests that obesity may spread in
social networks in a quantifiable and discernable
pattern that depends on the nature of social ties.
Moreover, social distance appears to be more im-
portant than geographic distance within these
networks. Although connected persons might
share an exposure to common environmental fac-
tors, the experience of simultaneous events, or
other common features (e.g., genes) that cause
them to gain or lose weight simultaneously, our
observations suggest an important role for a pro-
cess involving the induction and person-to-person
spread of obesity.

Our findings that the weight gain of immedi-
ate neighbors did not affect the chance of weight
gain in egos and that geographic distance did not
modify the effect for other types of alters (e.g.,
friends or siblings) helps rule out common expo-
sure to local environmental factors as an explana-
tion for our observations. Our models also con-
trolled for an ego’s previous weight status; this
helps to account for sources of confounding that
are stable over time (e.g., childhood experiences
or genetic endowment).?° In addition, the control
in our models for an alter’s previous weight sta-
tus accounts for a possible tendency of obese
people to form ties among themselves. Finally,
the findings regarding the directional nature of
the effects of friendships are especially important
with regard to the interpersonal induction of
obesity because they suggest that friends do not
simultaneously become obese as a result of con-
temporaneous exposures to unobserved factors.
If the friends did become obese at the same time,

any such exposures should have an equally strong
influence regardless of the directionality of friend-
ship. This observation also points to the specifi-
cally social nature of these associations, since the
asymmetry in the process may arise from the fact
that the person who identifies another person as
a friend esteems the other person.

Finally, pairs of friends and siblings of the
same sex appeared to have more influence on
the weight gain of each other than did pairs of
friends and siblings of the opposite sex. This
finding also provides support for the social na-
ture of any induction of obesity, since it seems
likely that people are influenced more by those
they resemble than by those they do not. Con-
versely, spouses, who share much of their phys-
ical environment, may not affect each other’s
weight gain as much as mutual friends do; in the
case of spouses, the opposite-sex effects and
friendship effects may counteract each another.

Obesity in alters might influence obesity in
egos by diverse psychosocial means, such as chang-
ing the ego’s norms about the acceptability of
being overweight, more directly influencing the
ego’s behaviors (e.g., affecting food consump-
tion), or both. Other mechanisms are also pos-
sible. Unfortunately, our data do not permit a
detailed examination. However, some insight into
possible mechanisms can be gained from a con-
sideration of the roles of smoking and geograph-
ic distance in obesity. The tendency of persons
to gain weight when they stop smoking is well
known,3* and the coincidence of a decrease in
smoking and an increase in obesity in the over-
all population has been noted.3? However, the
present study indicates that regardless of wheth-
er smoking cessation causes weight gain in indi-
vidual persons, and regardless of whether smok-
ing-initiation or smoking-cessation behavior itself
spreads from person to person,3® any spread in
smoking behavior is not a significant factor in
the spread of obesity. This finding indicates that
smoking behavior does not mediate the interper-
sonal effect in the spread of obesity. However, in
addition, it suggests that the psychosocial mech-
anisms of the spread of obesity may rely less on
behavioral imitation than on a change in an ego’s
general perception of the social norms regarding
the acceptability of obesity. This point is further
reinforced by the relevance of the directionality
of friendship.

Hence, an ego may observe that an alter gains
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weight and then may accept weight gain in him-
self or herself. This weight gain in an ego might,
in turn, be determined by various behaviors that
an ego chooses to evince, and these behaviors
need not be the same behaviors that an alter
evinces. The observation that geographic distance
does not modify the effect of an alter’s obesity
also provides support for the concept that norms
may be particularly relevant here. Behavioral ef-
fects might rely more on the frequency of contact
(which one might reasonably expect to be attenu-
ated with distance), whereas norms might not.
The spread of obesity in social networks ap-
pears to be a factor in the obesity epidemic. Yet
the relevance of social influence also suggests
that it may be possible to harness this same force
to slow the spread of obesity. Network phenom-
ena might be exploited to spread positive health
behaviors,?#3°in part because people’s percep-
tions of their own risk of illness may depend on
the people around them.?” Smoking- and alcohol-
cessation programs and weight-loss interventions

that provide peer support — that is, that modify
the person’s social network — are more success-
ful than those that do not.3+3%3839 People are
connected, and so their health is connected.*%*
Consequently, medical and public health interven-
tions might be more cost-effective than initially
supposed, since health improvements in one per-
son might spread to others.#? The observation
that people are embedded in social networks sug-
gests that both bad and good behaviors might
spread over a range of social ties. This highlights
the necessity of approaching obesity not only as
a clinical problem but also as a public health

problem.
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