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Abstract

Background—Alcohol consumption has important health related consequences and numerous
biological and socia determinants.

Objective—Quantitatively explore the possihility of person-to-person spread of alcohol
consumption behavior within alarge social network involving friends, co-workers, siblings,
spouses, and neighbors followed for 32 years.

Design—Longitudinal network cohort study
Setting—The Framingham Heart Study.
Participants—12,067 people assessed at several time points between 1971 and 2003.

Measurements—At each time point, we measured: (1) self-reported alcohol consumption
behavior, both in terms of number of drinks per week on average over the past year aswell as
number of days drinking within the past week, and (2) social network ties.

Results—Discernible clusters of drinkers and abstainers were present in the network at al time
points, and the clusters extended to three degrees of separation (e.g., to aperson's friends' friends
friends). These clusters were not solely due to selective formation of social ties among drinkers,
but rather also appear to reflect inter-personal influence. Changes in the alcohol consumption
behavior of an individual's social network had a statistically significant affect on an individua's
subsequent alcohol consumption behavior. Immediate neighbors and coworkers did not exhibit
statistically significant affects on drinking behavior.

Limitations—The measure of alcohol consumptionis not aclinical one. Also, it isunclear
whether these effects have positive or negative effects on long-term health, give that alcohol has
been shown to have both harmful and protective health effects. Finally, not al network ties were
observed.
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Conclusions—Network phenomena appear to influence alcohol consumption behavior. This has
implications for clinical and public health interventions, and further supports group-level
interventions to reduce problematic drinking.

Introduction

Methods

Source Data

Alcohol useiscommon in the United States. In 2002, 55% of adults reported having at least
one drink in the previous month, with the prevalence of past-month alcohol consumption
somewhat higher for men (62%) than for women (48%) (1) Moreover, the lifetime
prevalence of alcohol use disorders has been measured at 14.6% (1). Excessive alcohol use,
either in the form of heavy drinking or binge drinking, increases the risk of numerous health
and socia problems (2,3), and, in 2001, approximately 75,000 deaths were attributable to
excessive alcohol use, making it the third-leading lifestyle-related cause of death (3).

Alcohol consumption behavior has many determinants. Past work has suggested that
biological factors appear to have a significant impact on the progression from
experimentation to regular use while social and cultural factors appear to play acritical role
in experimentation with alcohol and development of drinking patterns over time (3,4). Given
the social nature of this behavior, it is not surprising that previous work has identified
interactions with friends and family members as key factors (4,5,6,7,8). While this prior
literature has primarily focused on cross-sectional panels, some studies have attempted to
test whether social influences act over time (6,7,8). This work, primarily focused on peer
influence among college students, has shown inconsistent results, and has tended to focus
just on dyads of connected individuals.

The study of social influences on behavior has expanded in recent years to the study of
numerous linked individuals over time.(9) Recent work in this area has shown that a variety
of health-related phenomena, ranging from sexually transmitted diseases to obesity,
smoking, and even suicide, may travel along and within social networks
(10,11,12,13,14,15).

Using alongitudinal, dynamic network of 12,067 people, we analyze the role of socia
networksin alcohol use, focusing on the following questions: (1) Do clusters of heavy
drinkers and abstainers exist within the network? (2) Is there an association between an
individual's alcohol consumption behavior and the alcohol consumption behaviors of their
social contacts? (3) How much do any associations depend on the nature and direction of the
social ties (eg., friends of different kinds, siblings, spouses, co-workers, neighbors)? And

(4) Does gender affect the spread of alcohol consumption across social ties?

We used data from participants in the Framingham Heart Study (FHS). The FHSisa
population-based, longitudinal, observational cohort study that wasinitiated in 1948 to
prospectively investigate risk factors for cardiovascular disease. Four cohorts, mostly
representing different generations linked to an original cohort, are included in the entire FHS
study. Participant data, collected every two to four years, includes physical examinations,
laboratory tests, noninvasive cardiac and vascular testing, battery testing (such as the Mini-
Mental status exam), questionnaire results, and basic demographic information. For the
purposes of the analyses reported here, exam waves for the Original cohort were aligned
with those of the second-generation Offspring cohort, so that all subjects were treated as
having been examined at just seven waves. The Offspring Cohort, initiated in 1971, isthe
source of this study's “principals,” or focal individuals in the network (16). However, other
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FHS participants are included when listed as social contacts by the principals, which will be
referred to as “ contacts.” Therefore, whereas principals come only from the Offspring
Cohort, contacts are drawn from the entire set of both the original and offspring cohorts.

To ascertain social network ties, a separate dataset was created that linked individuals
through self-described social ties collected at each of the seven waves of the study. Thus, it
is possible to know which participants have arelationship (eg., spouse, sibling, friend, co-
worker, neighbor) with other participants; and these ties could be observed to change across
time. Each link between two people might be identified by ether party identifying the other.
This observation is most relevant to the “friend” link, asit is possible to make thislink either
when A nominates B as afriend, or when B nominates A. Complete records of participants
and their contacts addressin each wave since 1971 were also used in the analyses, though it
isimportant to note that we do not have any information about rel ationships that participants
did not report. At each wave, it was possible to determine (1) who is whose neighbor, and
(2) the geographical distance between individuals (10, 17). Table 1 provides descriptive
statistics regarding the 5,124 principalsin our sample.

Measures—Alcohol consumption was self-reported in all waves being studied, with
participants answering questions for the the average number of drinks per week over the past
year as well as the number of days within the past week consuming alcohol (beer, wine, and
liquor) Self-reported datais generally considered avalid and reliable source when assessing
of alcohol consumption, though recall measures like those used in this study can be subject
to recall bias from participants. (18).

Alcohol consumption was treated as a continuous variable in some analyses (number of
drinks per day, calculated from participant responses), while other analyses were conducted
with dichotomous cut points: heavy drinkers were defined as averaging more than 1
(women) or 2 (men) drinks per day; moderate drinkers were those consuming alcohol below
cut-offs for heavy drinkers; and abstainers were defined as reporting no acohol
consumption. The self-reported number of days drinking within the past week was not used
asameasure in and of itself, but rather was used to cal culate average number of drinksin a
day. It isimportant to note that these labels do not reflect clinical definitions of alcohol
abuse or dependence. Table 2 shows averages for the study population across time,
including average age as well as population averages for alcohol consumption and
percentages of abstainers and drinkers. While it is difficult to compare our results to other
population samples in terms of heavy drinking due to the difference in how we measure it,
the other averages for the mean-age groups in each year of the given waves are roughly
similar to national averages of alcohol consumption behavior (1, 19, 20).

Statistical Analysis—Thefirst goa of the analyses was to evaluate whether an
individual's alcohol consumption behavior was associated with that of his or her social
network ties at various degrees of separation. To test this hypothesis, the observed clustering
of people (and their alcohol consumption behavior) within the whole network was compared
to 1,000 simulated networks with the same network topology and the same overall
prevalence of drinking as the observed network, but with the incidence of drinking (defined,
say, as drinking at least one drink per day) randomly distributed across the nodes (“random
drinking networks”). If clustering in drinking behavior is occurring, then the probability a
contact isadrinker given that aprincipal is adrinker should be higher in the observed
network than in the random drinking networks (21). We used the Kamada-Kawai algorithm
to draw the networks; this algorithm iteratively repositions nodes in order to reduce the
number of ties that cross each other. (22)
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The second goal of the analyses was to examine the possible determinants of any clustering
in alcohol consumption behavior. Three explanations for non-random clustering of a cohol
consumption behavior within the network were considered: (1) principals might choose to
associate with like contacts (also known as fiomaphily) (23,24); (2) principals and contacts
might share attributes or jointly experience unobserved contemporaneous events that cause
their alcohol consumption behavior to covary (omitted variables or confounding); and/or (3)
contacts might exert social influence or peer effects on principals (/nauction). Distinguishing
the inter-personal induction of drinking from homophily was facilitated by the availability of
dynamic, longitudinal data regarding both network connections and drinking behavior (25).

The basic statistical approach involved the specification of longitudinal logistic regression
models wherein the principal's drinking status at time #1 is afunction of various attributes
of principals such as age, gender, and education, their drinking status at time ¢, and the
drinking status of their contacts at times fand #1.(25) Generalized estimating equation
procedures were used to account for multiple observations of the same principal across
waves and across principal -contact pairings.(26) An independent working correlation
structure for the clusters was assumed.(27)

The time-lagged dependent variable regarding alcohol consumption (lagged to the prior
exam) eliminates serial correlation in the errors (28) (evaluated with a Lagrange multiplier
test) and also substantially controls for principal’'s genetic endowment and any intrinsic,
stable predilection to drink. Additionally, the lagged independent variable for a contact's
drinking status substantially controls for homophily (25,29). The key variable of interestisa
contact's alcohol consumption behavior at time #1. A significant coefficient on this variable
would suggest either that a contact's drinking affects a principal's drinking or that a principal
and a contact experience contemporaneous events affecting both of their alcohol
consumption behaviors. The possibility of omitted variables or unobserved events
explaining the associations was tested by examining how the type or direction of the social
relationship between principal and contact affected the association between principal and
contact drinking.

Risk ratios and 95% confidence intervals were computed by simulating the change in risk of
principal drinking when contact contemporaneous drinking changes from 0 to 1, using 1,000
randomly drawn sets of estimates from the coefficient covariance matrix and assuming all
other variables were held at their means.(30) All these tests are two-tailed. For repeated tests
involving different types of social contacts we applied a Bonferroni correction to the
confidence intervals.

The sensitivity of the results was assessed with multiple additional analyses (see online
supplement). For example, we considered the possible impact of incomplete or biased
network data. If people who drink heavily are more likely to name people outside the study,
underestimation of the effect of one person's alcohol consumption behavior on another
might occur. Tests of the correlation between an individual's number of drinks per day and
number of ties to people outside the study was not found to be significant (rho=0.01,
p=0.15). This suggests that the network data generation procedure did not bias the analyses.

Funding sources played no role in the design, conduct, or analysis of this study. The study
was approved by the researchers’ institutional review boards.
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Figure 1 depicts the largest connected sub-component of the social network of friends,
spouses, and siblingsin the year 2000. Clusters of drinking and abstaining are visiblein the
network.

Figur e 2 shows the correlation between principals and contacts with regards to their
drinking behavior (numerical results for this and the other figures can be found in the online
appendix). The resultsindicate that principals are 50% (95% C.I. 40% to 62%) more likely
to drink heavily if a person they are directly connected to (at one degree of separation)
drinks heavily. The size of the effect for people at two degrees of separation (e.g., the friend
of afriend) is 36% (95% C.I. 25% to 48%) and for people at three degrees of separation
(e.g., thefriend of afriend of afriend) is 15% (95% C.I. 8% to 25%). At four degrees of
separation, the effect disappears (4%, 95% C.I. —2% to 10%), in keeping with the “three
degrees of influence” rule of social network contagion that has been exhibited for obesity,
smoking, happiness, depression, loneliness, word-of-mouth advertising, and the spread of
ideas among inventors (10-14,31). Analyses of the full network also show that subjects are
29% (95% C.I. 23% to 36%) more likely to abstain if a person they are directly connected to
(at one degree of separation) abstains. The size of the effect for people at two degrees of
separation (the friend of afriend) is 21% (95% C.1. 16% to 27%) and for people at three
degrees of separation (the friend of afriend of afriend) is 5% (95% C.1. 1% to 10%). Again,
at four degrees of separation the effect disappears (2%, 95% C.1. —1% to 6%).

It is notable that in Figure 2 the decline in the effect size with socia distance contraststo a
lack of decline in the effect size as people become more geographically distant from one
another. This result was confirmed by testing an interaction between distance and the effect
size. These results suggest a friend or family member who lives hundreds of milesaway is
associated with as big an effect as one who lives next door.

The actual alcohol consumption behavior in individuals' social contacts affects individuals
alcohol consumption behavior. Figure 3 shows the smoothed bivariate relationship between
the fraction of a principal’s friends and family who drink heavily and abstain at one exam,
and the average number of drinks per day at the following exam. Being surrounded by heavy
drinkers increases by about 70% (95% CI: 35% to 142%) the amount of alcohol a person
drinks at the next exam compared to those who are not connected to any heavy drinkers.
Conversely, being surrounded by abstainers cuts in half the amount of alcohol a person
drinks at the next exam.

When the principal's future alcohol consumption behavior, controlling for age, gender,
education, and exam was regressed on the number of heavy drinking, moderate drinking,
and abstaining contacts, each additional heavy drinking contact was found to significantly
increase the likelihood that a principal drinks heavily by 18% (95% CI: 11% to 25%,
p<0.001) and decreases the likelihood principal abstains by 7% (95% CI: 2% to 12%,
p=0.009), but has no effect on moderate al cohol consumption behavior (Cl: —8% to 1%,
p=0.113). Conversely, each additional abstaining contact significantly reducesthe likelihood
of heavy drinking by 10% (95% CI: 4% to 15%, p=0.001), increases the likelihood of
abstaining by 22% (95% CI: 17% to 28%), and a so decreases the likelihood of moderate
drinking by 11% (95% Cl: 8% to 14%). Finally, each additional contact that drinks
moderately has no significant effect on heavy drinking (95% Cl: —2% to 7%, p=0.214) but it
significantly decreases the probability of abstaining by 5% (95% CI: 2% to 9%) and
increases the likelihood of moderate drinking by 6% (95% CI: 2% to 9%).
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We next evaluated the extent of dyadic, inter-personal association in alcohol consumption
behavior. As discussed in the methods section, these models account for homophily by
including atime-lagged measure of a contact's alcohol consumption behavior. We evaluated
the possible role of unobserved contemporaneous events by separately analyzing models on
subsets of the data involving various principal/contact pairings. Figure 4 summarizes the
associations from the models (numerical results can be found in the online appendix). With
respect to friends, we found significant gender differencesin the spread of heavy alcohol
consumption behavior. If aprincipal's female friend started drinking heavily, then the
principal's chances of drinking heavily increased by 154% (95% Cl: 30% to 354%). In
contrast, amale friend's heavy alcohol consumption behavior appears to have no significant
effect on the principal. The type of friendship also appeared to be important: afemale who
thinks of the principal as afriend but not vice versa (a contact-perceived friend) does not
appear to have a significant effect, but the overlapping confidence intervals indicate that the
difference in the effect sizeis not significant. Gender aso played arole among spouses.
Heavy drinking by awife increased the likelihood that the husband drank heavily by 196%
(95% CI:91% to 329%), whereas heavy drinking by a husband increased the likelihood that
awife drank heavily by 126% (95% CI:67% to 202%). Among siblings the effect was
significantly smaller and did not differ whether the contact was a sister (37%, 95% Cl:0% to
85%) or a brother (34%, 95% CI:8% to 66%). Immediate neighbors and coworkers did not
exhibit any significant effects on a principal’s drinking behavior.

These analyses were repeated for abstention behavior and showed broadly similar results.
The effect of female friends abstaining (42%, 95% CI: 9% to 84%) was about the same size
as the effect of male friends abstaining (44%, 95% ClI: -3% to 106%), though the latter was
barely insignificant. Abstaining wives, on the other hand, did appear to exhibit somewhat
more influence (74%, 95% Cl: 40% to 115%) than husbands (56%, 32% to 82%), but the
effect of asister (28%, 95% Cl: 13% to 45%) was actually somewhat weaker than the effect
of abrother (39%, 95% Cl: 19% to 60%). Once again, immediate neighbors and coworkers
had no effect on a principal's drinking behavior with respect to abstention.

Discussion

Alcohol consumption behavior among individuals and othersin their social networksis
highly correlated. Interpersonal effects with respect to alcohol behavior vary in size
according to the type of relationship. One possible way in which induction of these effects
may occur isthrough socia norms (10,12,32-35); unfortunately, the study data does not
include any measures of attitudes towards al cohol consumption, and claims about the
underlying mechanisms for the network effects must remain speculative.

These general findings correspond with previous literature on obesity, smoking, happiness,
and depression (10,11,12,13,14), though there are specific patterns of spread that appear to
be particular to alcohol use. One unique pattern found in this study relates to the bimodal
nature of the social network effects. While network effects were found for smoking
cessation (11) (a positive health outcome) and for gaining weight (10) (a negative health
outcome), in the case of acohol consumption, there appears to be a bi-directionality of the
effect with respect to both heavy drinking and abstaining. This finding suggests that social
network effects may have both positive and negative health consequences for alcohol
consumption behavior, depending on the circumstances.

Another important finding relates to the role of gender in the spread of alcohol consumption
behavior. Our findings suggest that femal e contacts are significantly more likely to influence
the spread of heavy alcohol consumption behavior than male contacts. While differences
may have been expected in principals of different genders (i.e. men and women perceiving
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peer influences and socia horms about alcohol differently (36,37)), the effect of contact
gender was unexpected. One possible explanation for these effectsis that significant
increasesin drinking behavior among women are much less common and more often
associated with dramatic shiftsin roles and contextsin life, such as job changes and work
stress, thus reflecting an impact of confounding factors (38). A related possibility is that
changes in perceived norms towards drinking among women are more powerfully
transmitted along socia networks, possibly due to women usually being perceived as
sharing norms for less alcohol consumption (37, 38). That is, awoman changing her
behavior is a stronger stimulus.

While there are a number of significant associationsin the results, it isimportant to revisit
the question of whether they represent the spread of alcohol consumption behavior
(induction) as opposed to reflecting selection effects (homophily) or shared environmental
effects (confounding) (39, 40, 41). While it isimpossible to completely rule out these
alternative explanations, a number of our findings strongly suggest that induction plays an
important role. For example, the directionality of friendship tiesis significant in predicting
the spread of alcohol consumption behavior; these effects provide some evidence for the
inter-personal induction of alcohol consumption behavior and suggest that covariance in
drinking between friends is not the result of unobserved contemporaneous exposures to both
principal and contact. If it were, there should be an equally strong influence, regardless of
the directionality of friendship. Moreover, the results show that neither immediate neighbors
nor geographic distance modify alcohol consumption behavior. If shared exposure (such as
proximity to liquor stores or local economic hardship) were key, the effects would decay
with distance. Moreover, since the models control for aprincipal’s prior drinking status, it is
possible to account for sources of confounding that are stable over time (such as childhood
exposures or genetic endowment). Finally, it is possible to control for a contact's prior
drinking status, thus accounting for a possible tendency of drinkers to form ties among
themselves. To help further control for homphily and environmental exposures, the authors
are currently pursuing follow-up studies using econometric and experimental methods.

Thiswork has afew notable limitations. First, our outcome measure is not aclinical tool, so
we cannot make any specific conclusions about the spread of alcohol related disorders per se
in our sample. Second, it is not possible to estimate the relative negative health impact of
increasing acohol use, since alcohol use has been reported to have both positive and
negative health effects. For example, moderate alcohol useis consistently associated with a
lower risk (relative to abstention) for myocardial infarction in prospective cohort studies
(43). Thisbeneficial effect of moderate a cohol intake has been found to hold even for men
with relatively healthy lifestyles (44,45). In addition to these cardiovascular effects, some
evidence also suggests that mild to moderate alcohol intake may be related to better
cognitive functioning in older adults (46). Therefore, network effects that both increase and
decrease alcohol consumption could have health benefits. Third, this sampleis ethnically
(but not socioeconomically) homogenous. Finally, all network ties are observed in the
dataset. Thisleaves open the potential that our estimates may be biased.

Our results support the basic idea that, since people are connected, their health is also
connected. Network phenomena might be exploited to spread positive health behaviors, a
suggestion supported by numerous prior studiesin the domain of drinking. For example,
drinking cessation programs that provide peer support — that is, that modify the social
network of the target — are more successful (47,48,49). Interestingly, the oldest peer social
support network in the country, Alcoholics Anonymous, is specifically designed to help
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foster socia network connections to encourage abstinence among its members and to foster
ties between principals and principal-identified contacts known as “sponsors.” Alcoholics
Anonymous reflects the creation of akind of deliberate social network. Not only bad, but
also good, behaviors may spread across arange of social ties at some distance from their
origin. More generaly, our findings reinforce the idea that drinking is a public health and
clinical problem that involves groups of inter-connected people who evince shared
behaviors, and targeting these behaviors would rightly involve addressing groups of people
and not just individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Drinking in the Framingham Social Network in 2000

This graph shows a sample the largest component of friends, spouses, and siblings at exam 7
(centered on the year 2000). There are 1,073 individuals shown. Each node represents a
subject and its shape denotes gender (circles are male, squares are female). Lines between
nodes indicate relationship (grey for siblings, green for friends and spouses). Node color
denotes a cohol consumption behavior: red nodes indicate abstention, blue nodes indicate
heavy drinking (more than one drink per day for women and more than two drinks per day
for men), and yellow nodes indicate moderate intake between these two extremes. The graph
suggests clustering in abstention and heavy alcohol consumption behavior, both of which are
confirmed by statistical models discussed in the main text and presented in the supplement.
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Figure 2. Relationship of Social and Geographic Distanceto Heavy Drinking and Abstainingin
Connected Persons

Top panels show the effect of social and geographic distance from heavy-drinking contacts
on the probability that a principal isaheavy drinker in the Framingham Heart Study Social
Network. Heavy drinking is defined in this case as having more than one drink per day for
women and more than two drinks per day for men. The effects were derived by comparing
the conditional probability of drinking in the observed network with an identical network
(with topology preserved) in which the same number of heavy drinkersis randomly
distributed. In the panel on the left, contact social distance refersto closest socia distance
(or degree of separation) between the contact and principal (e.g. direct friend = distance 1,
friend's friend = distance 2, etc.). In the panel on the right, we ranked all physical distances
between homes of directly connected principals and contacts (/.e, just those pairs at one
degree of separation) and created six equally sized groups (1 = closest, 6 = farthest). The
average distances for these six groups are: 1 = 0 miles; 2 = 0.26 miles; 3=1.5miles; 4=3.4
miles; 5 = 9.3 miles; and 6 = 471 miles. Thereis no trend across physical distance. The
bottom panels show the same kinds of analyses for the effect of abstaining contacts on the
probability that principal abstains.
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Figure 3. Effect of Heavy Drinking and Abstaining Contactson Principalsin the Framingham
Social Network

This plot shows that future alcohol consumption behavior is positively associated with the
fraction of friends and family who are heavy drinkers (red line) and negatively associated
with the fraction of friends and family in the previous exam that are abstainers (blue line).
Both lines based on hivariate L OESS regression, and dotted lines indicate 95% confidence
intervals.
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Figure4. Contact Type and Drinking in the Framingham Social Networ k

This graph shows the change in principal alcohol consumption behavior given contact
alcohol consumption behavior. The left panel focuses on heavy drinking (more than one
drink per day for women and more than two drinks per day for men) and the right panel
focuses on abstention. Estimates based on generalized estimating equation logit models of
drinking on several different sub-samples of the Framingham Heart Study Social Network.
The dependent variable in each model is principal drinking status and independent variables
include lagged principal drinking status, contact drinking status, lagged contact drinking
status, principal age, gender, and education, and fixed effects for each wave. Full models
and equations are available in the appendix. Mean effect sizes and Bonferroni-corrected
95% confidence interval s were calculated by simulating first difference in contact
contemporaneous drinking (changing from 0 to 1) using 1,000 randomly drawn sets of
estimates from coefficient covariance matrix and assuming all other variables are held at
their means.
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