
Incident Type 2 Diabetes Risk is Influenced byObesity and Diabetes
in Social Contacts: a Social Network Analysis
Sridharan Raghavan, MD, PhD1,2,3, Mark C. Pachucki, PhD4, Yuchiao Chang, PhD1,
Bianca Porneala, MS1, Caroline S. Fox, MD5, Josée Dupuis, PhD6,7, and James B. Meigs, MD1

1Division of General Internal Medicine, Department of Medicine, Harvard Medical School and Massachusetts General Hospital, Boston, MA, USA;
2Department of Veterans Affairs Medical Center, Eastern Colorado Health Care System, Denver, CO, USA; 3Division of General Internal Medicine,
Department of Medicine, University of Colorado School of Medicine, Denver, CO, USA; 4Department of Sociology, Computational Social Science
Institute, University ofMassachusetts, Amherst,MA, USA; 5Laboratory forMetabolic andPopulation Health, National Heart, Lung, andBlood Institute,
Framingham, MA, USA; 6Department of Biostatistics, Boston University School of Public Health, Boston, MA, USA; 7The National Heart, Lung, and
Blood Institute’s Framingham Heart Study, Framingham, MA, USA.

BACKGROUND: Obesity and diabetes family history are
the two strongest risk factors for type 2 diabetes (T2D).
Prior work shows that an individual’s obesity risk is asso-
ciated with obesity in social contacts, but whether T2D
risk follows similar patterns is unknown.
OBJECTIVE:Weaimed to estimate the relationshipbetween
obesity or diabetes in an individual’s social contacts andhis/
her T2D risk. We hypothesized that obesity and diabetes in
social contacts would increase an individual’s T2D risk.
DESIGN: This was a retrospective analysis of the
community-based Framingham Offspring Study (FOS).
PARTICIPANTS: FOS participants with T2D status, height
and weight, and at least one social contact were eligible for
this study (n=4797 at Exam 1). Participants’ interpersonal
ties, cardiometabolic anddemographic variableswere avail-
able at eight exams from 1971 to 2008, and a T2D additive
polygenic risk score was measured at the fifth exam.
MAIN MEASURES: Primary exposures were T2D (fasting
glucose≥7 mmol/L or taking diabetes medications) and
obesity status (BMI≥30 kg/m2) of social contacts at a prior
exam. Primary outcome was incident T2D in participants.
KEYRESULTS: Incident T2Dwas associatedwithhaving a
social contact with diabetes (OR 1.32, p=0.004) or with
obesity (OR 1.21, p=0.004). In stratified analyses, incident
T2D was associated with diabetes in siblings (OR 1.64, p=
0.001) and obesity in spouses (OR 1.54, p =0.0004). The
associations between diabetes and obesity in social con-
tacts and an individual’s incident diabetes risk were stron-
ger in individuals with a high diabetes genetic risk score.
CONCLUSIONS: T2D and obesity in social contacts,
particularly siblings and spouses, were associated
with an individual’s risk of incident diabetes even after
accounting for parental T2D history. Assessing risk
factors in an individual’s siblings and spouses can
inform T2D risk; furthermore, social network based
lifestyle interventions involving spouses and siblings
might be a novel T2D prevention approach.
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INTRODUCTION

The last decade has seen rapid progress in the identifi-
cation of how social relationships contribute to a variety
of weight-related health behaviors,1–6 body weight,7–10

and chronic disease status.11,12 This research shows that
attributes or behaviors of the people in one’s social
network can serve as important determinants of one’s
own health. However, one’s social network often in-
cludes family members, which can make it difficult to
discern the relative impact of shared behaviors and
shared genetics for familial common chronic diseases.
Type 2 diabetes (T2D) is produced by a convergence of

behavioral and familial risk factors. Rates of T2D are
rapidly growing worldwide, and a number of risk factors
contribute to incident diabetes, most prominently obesity,
family history, and age.13,14 Cross-sectional research on
T2D and impaired glucose metabolism has suggested that
diabetes clusters within social networks.15–17 However,
mechanisms responsible for this phenomenon have been
hard to discern, given the scarcity of informative longitu-
dinal data on social relationships and T2D. Furthermore,
relative contributions of shared behaviors and shared ge-
netics to familial aggregation of T2D are poorly under-
stood and likely vary across individuals and families. How
social relationships and genetic background may indepen-
dently and prospectively affect diabetes development
could have implications for T2D pathophysiology and
offer insight into social levers for prevention.
The aim of this study was to examine the association of an

individual’s risk of incident T2D with obesity or T2D in his/
her related and unrelated social contacts, and to determine if
underlying genetic risk of diabetes modified that association.
To establish a basis for studying possible social influences on
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incident T2D risk, we first examined whether prevalent cases
of T2D cluster across social ties in the Framingham Heart
Study (FHS). Second, we performed the primary analysis -
to examine whether an individual’s risk of incident T2D, the
primary outcome, was associated with diabetes and obesity in
his/her social contacts. The data in FHS allowed interrogation
of whether obesity or diabetes in specific types of social
contacts—siblings, spouses, friends, neighbors—was particu-
larly influential on an individual’s risk of incident T2D, and
we examined these associations in stratified analyses. We
hypothesized that being socially connected to individuals with
T2D or obesity would be associated with an increased risk of
incident T2D; that diabetes and obesity in relatives would
confer greater incident T2D risk than in unrelated social con-
tacts; and that risk across social ties would be relatively higher
in individuals with greater T2D genetic risk.

METHODS

Study Population

The Framingham Heart Study (FHS) is a well-described pro-
spective cohort study begun in 1948.18 Measurements of
fasting glucose, diabetes medications, height, weight, self-
reported parental history of T2D, educational attainment, and
social contacts were obtained through the Database of Geno-
types and Phenotypes (dbGaP) from the National Center for
Biotechnology Information. We focus here on only the off-
spring of the original cohort members and their spouses (Fra-
mingham Offspring Study, FOS) and track their T2D status
and diabetes risk factors over eight examination periods oc-
curring every 3 to 5 years between 1971 and 2008.
Previous investigators coded administrative data describing

social connections between cohort participants to produce a
database of exam-specific social ties.7,19 The terminology of
social network analysis describes an “ego” (the individual in
whom the outcome is being assessed), an “alter” (a cohort
memberwhoman ego reported as a social contact), and “network
size” (the number of alters connected to each ego). Of the 5124
individuals enrolled in the FOS at baseline, the public data set
accessible to researchers through dbGaP includes 4801 partici-
pants, due to privacy restrictions. We included egos with T2D
status, height and weight, and at least one alter with available
T2D status, height and weight from at least one exam cycle
(n = 4797 at Exam 1). In addition, we restricted the analysis to
spouse, friend, sibling, or close neighbor (same-address or
next-door neighbors only) social ties, as these are relatively
intimate ties where some type of social-behavioral influence
might reasonably be expected to occur. In some cases, both
members of a spousal or sibling pair were participants in the
FOS; thus, in these cases, individuals could be captured as
both egos and alters in the data set. The proportion of participants
with network information was relatively stable and over
90 % across all eight exams (online Supplemental Table S1).
Between Exam 1 and Exam 8, there was some participant

attrition due to mortality and non-response. Those who did not
drop out early were on average younger, leaner, and more
frequently had parental diabetes history than those who
dropped out early (see Online-only Supplement). All FHS
and FOS participants provided informed consent to their partic-
ipation, and the Boston University Medical Campus and
Partners Institutional Review Boards approved this study.

Outcomes, Exposures, Covariates

The primary outcome was incident T2D, defined as fasting
glucose value greater than or equal to 7 mmol/L, or taking
diabetes medications, a definition that has been used previ-
ously in the FOS and that has been shown to be over 98 %
accurate in diagnosing T2D in the FOS.20 There were a total of
692 incident T2D cases over mean follow-up of 25 years. BMI
in egos and alters was calculated as weight (kilograms) divid-
ed by the height (meters) squared. The two primary exposures
of interest were alter T2D status, defined using the same
criteria as ego T2D, and alter obesity, defined as a BMI greater
than or equal to 30 kg/m2. Parental history of T2D was a
dichotomous variable based on ego self-report of whether
either parent had T2D.21 Educational attainment was available
in a subgroup of participants and took values from 1 (fourth
grade or less) to 8 (post-graduate school). For our analyses, we
dichotomized educational attainment at less than completing
high school versus completing high school or greater.

Genetic Risk

Genotyping, quality control, and calculation of a T2D additive
genetic risk score (GRS) in the FHS and FOS have been
previously described.22 Briefly, the GRS was calculated as the
weighted sum of the number of risk alleles at each of 62 loci
associated with T2D for which index or proxy single nucleotide
polymorphisms (SNPs) were available in Offspring Study ge-
netic data, weighted by the effect size for association with
diabetes.23,24 For stratified analyses of high vs. low GRS, we
dichotomized the study population at the median (66.9) weight-
ed GRS. As only a subset of participants had genetic data and
educational data available, we compared those with or without
genetic data and those with or without educational data for
substantial differences in baseline characteristics in the Online-
only Supplement. Briefly, those with genetic data or with edu-
cational data were, on average, younger and leaner and more
often had parental diabetes history than those without genetic
data or without educational data (see online Supplemental
Tables S2 and S3).

Statistical Analysis

To account for known T2D risk factors, all models were
adjusted for ego age, sex, and parental history of T2D, as well
as for an indicator of exam cycle to account for secular trends
in diabetes and obesity incidence. To account for possible
effects associated with degree of social connectedness, we
also adjusted all models for ego network size. As we were
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also interested in T2D genetic risk, we adjusted for the diabe-
tes GRS in the subset of participants for whom those data were
available.
Our goal was to estimate relationships between ego T2D

and (a) alter T2D and (b) alter obesity. To do so, we used a
series of three progressively restrictive dyadic network models
in a generalized estimating equation (GEE) framework with
the logit link function.7,19,25 All models accounted for corre-
lation due to repeated measures by clustering on ego, and we
used the independence correlation structure, which has previ-
ously been shown to yield the most unbiased estimates based
on ego-alter correlations in this data set.19

The first model (Model 1), which examined clustering
of T2D cases in the FHS social network, estimated the
relationship between prevalent ego T2D (at a given time t)
as the outcome, and contemporaneous alter T2D and obe-
sity (at the same time t) as the key exposures, adjusting
for ego covariates. The second model (Model 2), which
represents our primary analytic model, estimated associa-
tions between alter traits (obesity and T2D) at the prior
exam and incident T2D in non-diabetic egos; that is, the
primary exposures in Model 2 were alter obesity and alter
T2D at the prior exam, and the primary outcome was
incident ego T2D, adjusting for ego covariates at the prior
exam.
To address the hypothesis that associations between inci-

dent ego T2D and alter traits were stronger across ties between
related ego-alter dyads than unrelated dyads, we repeated the
analyses stratifying by the type of relationship; we first strat-
ified by related versus unrelated ties, and then secondarily
explored each of the unrelated ties that were represented in
our data set—sibling, spouse, friend, neighbor. Similarly, to
address the hypothesis that ego T2D genetic risk would mod-
ify associations between alter traits and incident ego diabetes,
we repeated the analyses stratifying participants into high and
low 62 SNP diabetes GRS categories at the median GRS for
the study population.
Finally, in secondary analyses, we introduce a third model

(Model 3) that aimed to identify evidence of social influence
of alters on an ego’s T2D risk. Unlike Model 2, Model 3
includes time-varying obesity exposures to account for corre-
lations between ego and alter traits and to assess whether
accounting for a change in ego’s obesity attenuated the asso-
ciation between ego and alter’s diabetes status. We adapted
this last model from the cross-lagged panel model used to
discern peer associations in obesity status by Christakis and
Fowler.19

The modeling strategy is described in greater detail in the
Online-only Supplement. As our primary hypothesis tested
whether two exposures, alter obesity and alter T2D, would
be associated with incident ego diabetes, we applied a sig-
nificance threshold of p < 0.025. Network size was calculat-
ed using the package sna in R; GEE models were run in
SAS 9.3 (SAS Institute, Inc, Cary, NC) and confirmed using
the package geeglm in R.

RESULTS

Study Participants

At exam 1 of the Offspring Study, 4797 study participants
were on average overweight (BMI 25.4 ± 4.4 kg/m2); there
were 136 cases of T2D at baseline, and over the course of the
study, there were a total of 692 incident cases of diabetes
(Table 1 and online Supplemental Table S1). Across eight
exams, the number of dyads in the data set ranged from
14,434 (exam 1) to 9309 (exam 8); ties between siblings
(41–46 %) and between spouses (23–24 %) were most com-
mon (Table 1 and online Supplemental Table S1).

Alter Obesity and Diabetes are Associatedwith
Incident Ego Diabetes

Preliminary data inspection confirmed the association between
ego and alter obesity described in prior work7 (online Supple-
mental Table S5). The first analysis step showed clustering of
prevalent ego T2D with alter diabetes [OR 1.38 (1.18, 1.61),
p < 0.0001, online Supplemental Table S6, Model 1] and with
alter obesity [OR 1.17 (1.04, 1.33), p = 0.01, online Supple-
mental Table S7, Model 1; see Online-only Supplement]. We
then tested the primary hypothesis that alter traits predicted
incident ego T2D. To this end, we examined whether alter
obesity or diabetes at the prior exam was associated with
incident T2D in non-diabetic egos (Model 2 described above).
Separate analyses revealed that both alter T2D [OR 1.32 (1.09,
1.59), p = 0.004] and alter obesity [OR 1.21 (1.06, 1.37), p =
0.004] were significantly associated with incident ego diabe-
tes, even after adjusting for ego BMI (Fig. 1a; online Supple-
mental Tables S6-S7, Model 2).
The family-based structure of the FHS allowed us to test

whether a related versus unrelated relationship type between

Table 1. Study Participant Characteristics at Exam 1

Characteristic N (%) Mean (SD)

Ego Sex
Female 2466 (51) -

Ego Age 4797 36.2 (10.5)
Ego Education Attainment

< High School 712 (65) –
≥ High School 1316 (35) –

Ego T2D Status
No T2D 4661 (97) –
T2D 136 (3) –

Ego T2D Parental History
No T2D history 4153 (87) –
T2D history 644 (13) –

Ego BMI (continuous) 4797 25.4 (4.41)
Ego Obesity Status

Not obese (< 30 kg/m2) 4158 (87) –
Obese (≥ 30 kg/m2) 639 (13) –

Ego Network size 4797 4.2 (2.9)
Ego 62 SNP Genetic Risk Score 2498 66.9 (5.1)
Count of Ego–Alter dyads

Siblings 5910 (41)
Friends 2090 (14)
Neighbors 3125 (22)
Spouses 3309 (23)
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ego and alter modified the association between alter traits and
incident ego T2D. Stratifying by ties between related versus
unrelated individuals, we found that prior obesity in unrelated
but not related alters was associated with incident ego diabetes
(Fig. 1a; online Supplemental Table S8, Model 2). Stratifying
further by type of social tie (spousal versus non-spousal),
spousal obesity specifically was associated with a 54 % in-
crease in relative odds of incident ego T2D (Fig. 1b). Con-
versely, T2D at the prior exam in related (specifically siblings)
but not unrelated alters was associated with incident ego
diabetes, even after adjusting for parental history of T2D
[OR 1.12 (0.88, 1.43), p = 0.36 across unrelated ties; OR
1.67 (1.24, 2.23), p = 0.0007 across related ties; Fig. 1a and
b; online Supplemental Table S9, Model 2).
To demonstrate more clearly how easily ascertained alter

traits compare to traditional T2D risk factors, we repeated our
analyses, but with dichotomous ego and alter obesity variables
rather than continuous BMI. While an ego’s prior obesity and
parental history of diabetes were the strongest predictors of

incident ego T2D, identifying an alter with diabetes or obesity
at the prior exam increased an ego’s relative odds of incident
T2D by 32 % or 25 %, respectively, even after adjusting for
ego obesity and parental history of diabetes (Table 2). Strati-
fying by type of social contact evenmore dramatically showed
that having a related alter with diabetes increased an ego’s
relative odds of incident T2D by 55 %, even after accounting
for parental diabetes history, and that being connected to an
obese unrelated alter increased an ego’s relative odds of inci-
dent T2D by 35 % (Table 2).

Alter Influences on Incident Ego Diabetes Vary
According to Ego Diabetes Additive Genetic
Risk

Common genetic variants can be added to estimate genetic
risk for T2D22,24 and T2D genetic risk scores may interact
with environmental exposures on diabetes risk.27,28 Accord-
ingly, we tested whether an ego’s T2D GRS modified associ-
ations of alter traits with incident ego diabetes. To this end, we

Figure 1. Associations of alter obesity or T2D with incident ego T2D, stratified by social contact type. Panel a shows the association of alter
obesity or alter diabetes at the prior exam with incident ego T2D across all, related, and unrelated ties after adjusting for ego age, sex, parental
history of T2D, BMI, network size, and exam cycle. Panel b shows the association of prior alter obesity or prior alter diabetes with incident ego
T2D across specific social tie types. Prior alter obesity and diabetes were associated with incident ego T2D, and unrelated alter obesity and

related alter diabetes were associated with incident ego T2D.

Table 2. Association of Ego and Alter Risk Factors for T2D with Incident Ego T2D, Stratified by Social Contact Type

All ties Related ties Unrelated ties

Characteristic OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Ego age 1.06 (1.05, 1.07) < 0.0001 1.06 (1.05, 1.08) < 0.0001 1.06 (1.05, 1.07) < 0.0001
Ego sex 1.45 (1.17, 1.80) 0.0006 1.52 (1.15, 2.00) 0.003 1.43 (1.13, 1.82) 0.003
Ego family history 2.61 (2.07, 3.29) < 0.0001 2.37 (1.75, 3.21) < 0.0001 2.78 (2.16, 3.59) < 0.0001
Ego obesity (t−1) 3.75 (3.02, 4.64) < 0.0001 4.05 (3.08, 5.33) < 0.0001 3.57 (2.81, 4.52) < 0.0001
Alter obesity (t−1) 1.25 (1.11, 1.42) 0.0004 1.11 (0.90, 1.37) 0.31 1.35 (1.14, 1.59) 0.0004
Alter diabetes (t−1) 1.32 (1.10, 1.58) 0.003 1.55 (1.17, 2.06) 0.003 1.18 (0.93, 1.49) 0.18

Model: Outcome is incident ego T2D at a given exam (time t); primary exposures are alter obesity at the prior exam (time t−1) and alter T2D at the prior
exam (time t−1), adjusting for ego age, sex, parental T2D history, ego obesity at the prior exam (time t−1), and ego network size
Abbreviations: OR Odds Ratio; 95 % CI 95 % Confidence Interval
p values are from multivariable generalized estimating equations applied to a binary outcome (T2D)
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first examined whether the associations between ego T2D and
alter traits could be explained by ego diabetes GRS in the
approximately 50 % of study participants for whom we had
genetic data. Across all ties, incident ego T2D remained
significantly associated with prior alter diabetes, but not prior
alter obesity, after adjusting for ego T2D GRS (Fig. 2a, online
Supplemental Tables S10 and S11). However, in analysis
stratified by related versus unrelated alter and adjusted for
ego T2D GRS, we observed that obesity in an unrelated alter
increased the relative odds of incident ego T2D by 31 %
(Fig. 2a, online Supplemental Table S11).
We also stratified the data according to low versus high ego

T2D GRS to test whether the association between alter traits
and incident ego diabetes differed across strata of ego diabetes
genetic risk. We found that prior alter obesity was significantly
associated with incident T2D in egos with a high T2D GRS
(OR 1.34), but not those with a lowGRS (OR 0.96; p value for
interaction < 0.0001); similarly, prior alter diabetes was sig-
nificantly associated with incident T2D only in egos with a

high diabetes GRS (p value for interaction 0.01; Fig. 2b,
Table 3).

Secondary Analyses

Our primary analyses addressed whether alter traits provide
information that helps predict an ego’s risk of developing
T2D. We performed secondary analyses to address whether
being connected to an alter with obesity or diabetes was
associated with an ego’s risk of developing T2D regardless
of time. To this end, we employed a model that adjusted for
prior and contemporaneous ego and alter BMI (Model 3 in
METHODS). We found that incident ego T2D remained as-
sociated with prior alter diabetes [OR 1.34 (1.09, 1.64), p =
0.005; online Supplemental Table S6, Model 3], but that
incident ego T2D was no longer associated with alter obesity
[OR 1.15 (0.94, 1.40), p = 0.17; online Supplemental
Table S7, Model 3]. When stratifying by relationship type,
diabetes at the prior exam in related alters increased the
relative odds of incident ego T2D by 70 %, even after

Figure 2. Associations of alter obesity or T2D with incident ego T2D, adjusting for or stratifying by ego T2D genetic risk. Panel a shows the
association between prior alter obesity or prior alter diabetes and incident ego T2D across all, related, and unrelated ties after adjusting for ego
T2D genetic risk score (GRS). Panel b shows the association between prior alter obesity or prior alter diabetes and incident ego T2D, stratified
according to low (below the median) and high (median and higher) ego T2D GRS. Prior unrelated alter obesity remained a significant predictor
of incident ego T2D, and prior alter diabetes remained significantly associated with incident ego T2D, even after adjusting for ego diabetes
GRS. Association between alter obesity and alter T2D and incident ego T2D was stronger for egos with a high GRS than those with a low GRS

(p value for interaction < 0.0001 for alter obesity and 0.01 for alter T2D).

Table 3. Association of Ego and Alter Risk Factors for T2D with Incident Ego T2D, Stratified by Ego T2D Genetic Risk Score

Low genetic risk score* High genetic risk score*

Characteristic OR (95 % CI) p value OR (95 % CI) p value

Ego age 1.07 (1.04, 1.10) < 0.0001 1.05 (1.03, 1.07) < 0.0001
Ego sex 1.65 (1.01, 2.68) 0.04 1.30 (0.93, 1.82) 0.13
Ego parental history 2.79 (1.69, 4.58) < 0.0001 2.62 (1.83, 3.76) < 0.0001
Ego obesity (t−1) 4.34 (2.71, 6.95) < 0.0001 4.41 (3.08, 6.32) < 0.0001
Alter obesity (t−1) 0.96 (0.71, 1.30) 0.79 1.34 (1.10, 1.64) 0.004
Alter diabetes (t−1) 1.22 (0.76, 1.96) 0.40 1.35 (1.02, 1.77) 0.03

Model: Outcome is incident ego T2D at a given exam (time t); primary exposures are alter obesity at the prior exam (time t−1) and alter T2D at the prior
exam (time t−1), adjusting for ego age, sex, parental T2D history, ego obesity at the prior exam (time t−1), and ego network size
Abbreviations: OR Odds Ratio; 95 % CI 95 % Confidence Interval
p values are from multivariable generalized estimating equations applied to a binary outcome (T2D)
*Low T2D genetic risk score was defined as< 66.9 (the median GRS), and high genetic risk score was defined as≥ 66.9
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adjusting for prior and contemporaneous ego and alter BMI
(online Supplemental Table S9, Model 3). In contrast, neither
T2D nor obesity in unrelated alters were associated with
incident ego T2D in this model (online Supplemental
Tables S8 and S9, Model 3).
Finally, our primary analyses do not capture socioeconomic

attributes known to cluster within a social network and known to
be important and potentiallymodifiable risk factors for T2D.29,30

Including ego educational attainment did not significantly
change the associations between alter diabetes and incident
ego T2D, but did attenuate the association between alter obesity
and incident ego diabetes, particularly across unrelated ties
(online Supplemental material, online Supplemental Table S12).

DISCUSSION

In this study of longitudinal social network data from the
Framingham Heart Study, we found that obesity and T2D in
a person’s social contacts was associated with their own risk of
developing T2D. This extends prior work demonstrating peer
associations in BMI and insulin resistance. Specifically, we
observed that obesity but not diabetes in a spouse and diabetes
but not obesity in a sibling were strongly associated with an
individual’s risk of incident diabetes. Furthermore, we found
that alter diabetes remained associated with incident ego T2D
even after adjusting for ego GRS and parental history, indicat-
ing that the association between alter and ego diabetes was
unlikely due solely to shared obesity or shared genetic/familial
risk. Additionally, we found that a person’s T2D genetic risk
modified the effect of social contact obesity and diabetes on
the risk of developing T2D.
While social network analyses can be threatened by unmea-

sured homophily, that is, a tendency towards similarity in traits
between socially connected individuals, our analytic models
account for observed homophily in diabetes and obesity. We
hypothesize that the ego-alter associations we observed are
mediated by shared health behaviors, particularly diet and
exercise. This comports with and extends cross-sectional re-
search by Henning and colleagues, who found weight-related
attitudes and behaviors to be implicated in peer group associ-
ations with insulin resistance.15 A practical implication for
care provision is that systematically adding information about
spouses, siblings, friends, and household members to conven-
tional family and social history elements in primary care
encounters could enhance identification of patients at particu-
larly high risk of developing diabetes who already harbor risk
factors such as obesity or parental diabetes history. Further-
more, prevention interventions designed to target a high-risk
person and his or her social network members jointly may
prove efficacious.10,30,31 Given the difficulty of behavior
change for T2D prevention, our work suggests that social
and familial context might be important considerations in the

ongoing search for effective and practical diabetes and obesity
prevention strategies. Finally, if common genetic variant tests
for T2D are useful, they could be combined with social contact
trait information to identify people most likely to benefit from
social network-based prevention strategies.
Our study has some limitations. The FHS social network data

set was derived from administrative data that was collected to
maximize study follow-up. As such, the data did not necessarily
identify all—or even the most important—members of a per-
son’s social network. However, as siblings and spouses com-
prise the largest proportion of social contacts in our data, we
could parse important familial and non-familial influences on
T2D risk. Another limitation is participant attrition; however,
because those who did not drop out early were on average
younger and leaner than those who did drop out, it is possible
that our findings underestimate the magnitude of associated
obesity and T2D among social contacts. Next, prior work ap-
plying the GEE framework to correlated network data to esti-
mate social influence has been performed in the context of
reversible outcomes. In contrast, we have treated diabetes, once
acquired, as an irreversible state. To accommodate this modeling
assumption, we used an approach that limited analysis of inci-
dent cases to T2D acquisition across consecutive exam cycles.
Despite this limitation, we detected significant effects that lay the
groundwork for more detailed investigation of peer effects on
incident T2D. Finally, our analyses have not included all known
risk factors for T2D, particularly diet, physical activity, blood
pressure, lipid measurements, and socioeconomic status in all
participants, which may be potential mediators of an association
between alter metabolic traits and ego diabetes. Prior work has
shown that while many of these variables are significantly
associated with incident T2D, each of these variables individu-
ally contribute little to discrimination of incident T2D,32 and
many of these variables (diet, physical activity, and socioeco-
nomic status) were unavailable longitudinally in the FHS.
Our work provides novel, quantitative evidence of associa-

tion between social relationships and incident T2D within a
social network. By combining strong predictors of T2D with
new social network information and genetic risk information,
we have extended our understanding of the relative contribu-
tions of environmental and biological factors that give rise to
diabetes. The association between an individual’s risk of inci-
dent diabetes and spousal obesity supports investigation of
lifestyle interventions targeted at households or spousal dyads.
At minimum, the associations observed between alter traits
and incident ego T2D suggest that ascertainment of risk fac-
tors of close social contacts might provide valuable data for
risk assessment and preventive counseling of patients.
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