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ABSTRACT
Background: Recent evidence indicates that social contact is related
to similarities in weight gain over time. However, no studies have
examined this effect in a twin design, in which genetic and other en-
vironmental effects can also be estimated.
Objective: We determined whether the frequency of social contact is
associated with similarity in weight change from young adulthood
(mean age: 20 y) to middle age (mean age: 41 y) in twins and
quantified the percentage of variance in weight change attribu-
table to social contact, genetic factors, and other environmental
influences.
Design: Participants were 1966 monozygotic and 1529 dizygotic
male twin pairs from the Vietnam-Era Twin Registry. Regression mod-
els tested whether frequency of social contact and zygosity predicted
twin pair similarity in body mass index (BMI) change and weight
change. Twin modeling was used to partition the percentage var-
iance attributable to social contact, genetic, and other environmen-
tal effects.
Results: Twins gained an average of 3.99 BMI units, or 13.23 kg
(29.11 lb), over 21 y. In regression models, both zygosity (P, 0.001)
and degree of social contact (P , 0.02) significantly predicted twin
pair similarity in BMI change. In twin modeling, social contact be-
tween twins contributed 16% of the variance in BMI change (P ,
0.001), whereas genetic factors contributed 42%, with no effect of
additional shared environmental factors (1%). Similar results were
obtained for weight change.
Conclusion: Frequency of social contact significantly predicted
twin pair similarity in BMI and weight change over 21 y, indepen-
dent of zygosity and other shared environmental influences. Am
J Clin Nutr 2011;94:404–9.

INTRODUCTION

Obesity is a major public health problem (1). Sixty-four percent
of the US population is estimated to be overweight or obese [body
mass index (BMI; in kg/m2) �25] (2) and is at increased risk of
weight-related comorbidities, including coronary artery disease,
diabetes, and certain cancers. As such, understanding factors that
contribute to weight gain is critical.

Social networks have increasingly been shown to affect weight
gain and risk of obesity (3–5). In a landmark study, Christakis and
Fowler (3) showed that a person’s chance of becoming obese
increases 57% if a friend becomes obese, 40% if a sibling
becomes obese, and 37% if a spouse becomes obese. Moreover,
the risk of obesity spreads through networks of social contact.

Criticisms have been raised about potential confounders, such as
the potential for individuals to select friends of similar weight
(homophily) and the need to control for other aspects of the
environment that are shared (6). Increasing evidence suggests,
however, that the effect of social networks on obesity is robust
(4, 7–9).

At the same time, BMI is highly heritable in twin studies, with
heritability estimates ranging from 0.45 to 0.87 (10–13). A few
studies in the literature have also found significant genetic effects
on weight change over time (11, 13–15). Effects of environmental
factors that contribute to similarity between twins (shared envi-
ronment) on BMI and weight change have rarely been detected
in twin samples, particularly in adults (10–15). One cross-sectional
twin study found significant, albeit modest, correlations between
twin-pair social contact and twin similarity in BMI (r = 0.10–
0.14) (10), although the percentage of the variance in BMI at-
tributable to social contact was not formally estimated in the
context of other genetic and environmental influences in twin
modeling.

The purpose of this study was to examine the extent to which
frequency of social contact between members of a twin pair in-
fluences their similarity in changes in BMI and weight from young
adulthood to middle age. We use the unique features of the twin
design to quantify the relative effect of degree of social contact,
heritable genetic effects, other shared environmental effects, and
nonshared environmental effects on variation in weight and BMI
change.
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SUBJECTS AND METHODS

Sample

The Vietnam-Era Twin (VET) Registry is a nationally distrib-
uted US cohort consisting of male-male twin pairs born between
1939 and 1957 inwhich both siblings served on active military duty
during the Vietnam War era (16). Zygosity was determined by
using a questionnaire and blood group typing method that ach-
ieved 95% accuracy (16). Registry members are representative of
all twins who served in the military during the Vietnam Era on
a variety of sociodemographic and other variables (17, 18). The
data used in the present study were from military induction
(modal year 1968) and the National Heart, Lung, and Blood
Institute (NHLBI) Survey (1990). A total of 3495 (1966 mono-
zygotic and 1529 dizygotic) male-male Vietnam-Era twin pairs
with complete data at the NHLBI survey were included in anal-
yses. These participants were a community-dwelling sample; they
were not a patient or Department of Veterans Affairs sample.
Although they served during the Vietnam era, the large majority
was not in combat or in Vietnam. Demographic and health com-
parisons based on a randomly selected subset of participants in-
dicate that they are largely representative of American men in their
age range (19, 20).

All participants gave verbal informed consent at the time of
the interviews. The current data analysis was approved by the
Miriam Hospital Institutional Review Board and procedures that
were followed were in accordance with The Miriam Hospital
Guidelines.

Measures

Measured height and weight at the time of military induction
were extracted from military records (modal year, 1968). Height
and weight were measured by self-report in 1990. Previous
studies have shown that self-report of weight is a valid measure of
actual weight with an average error of only 0.5–1 kg (1–2 lb) (21).
In 1990, participants also responded to the following questions:
1) In the past 5 y, how frequently have you and your twin gotten
together? and 2) In the past 5 y, how frequently have you and your
twin talked on the telephone or written to each another? Possible
responses to both questions were as follows: 1) almost daily, 2) 1–4
times/wk, 3) 1–3 times/mo, 4) occasionally during the year, 5)
less than once per year, and 6) not applicable, twin deceased
(these pairs were omitted). Because these measures were highly
correlated (r = 0.71, P , 0.001), they were combined, and the
frequency of twin-pair social contact was defined as the most
frequent contact (either in person or via phone or mail) rated by
each twin averaged across twins within a pair.

Before the analyses, height at each age was compared for dis-
crepancies that may influence BMI. If the discrepancy between
adult heights was .10 cm (4 in), these values were checked by
hand and outliers were excluded. If the discrepancy between adult
heights was �5 cm (2 in) but �10 cm (4 in), the average of the
adult heights was used. Finally, twin-pair differences in BMI were
checked at each time point, and one outlier .10 SDs above the
mean was excluded from further analysis.

BMI at each time point was calculated as weight (in kg)/height
squared (in m). BMI and weight change were defined as the
residuals in 1990 once the respective measures from young
adulthood were statistically covaried.

Statistical analyses

Two complementary approaches to statistical analysis were
used. First, pairwise linear multiple regression was used to ex-
amine the association between twin-pair zygosity, social contact,
and twin-pair similarity in BMI and weight change from young
adulthood to middle age. Standardized b weights and the as-
sociated P values were used to characterize the effects of the
independent variables (ie, zygosity and social contact) on the
dependent variables (ie, twin-pair differences in weight and
BMI). A P value of 0.05 denoted significance. We also tested
for interactions between zygosity and social contact on twin-
pair differences in change in weight and BMI, which would
suggest that the genetic effects on BMI or weight change were
augmented or diminished by twin-pair social contact. Each twin
pair was entered once into the analyses. Regression analyses
were conducted in SPSS (version 14; IBM Corporation, Somers,
NY).

The linear regression models were complemented by twin
structural modeling to determine the amount of variance in
change in BMI and weight attributable to social contact when
genetic and other shared environmental effects are taken into
account. The traditional twin model explains the observed total
phenotypic variation and covariation between monozygotic and
dizygotic twins in terms of orthogonal latent factors due to ad-
ditive (A) and dominant (D) genetic effects and shared/common
(C) and nonshared (E) environmental effects, including mea-
surement error (22). Monozygotic twins correlate 1.0 on additive
genetic (A) effects, whereas dizygotic twins correlate 0.5, because
they share, on average, 50% of their segregating genes. Shared
environmental (C) influences correlate 1.0 across twins, regardless
of zygosity, whereas nonshared environmental influences, by
definition, do not correlate across twins. Because genetic dom-
inance effects did not contribute significantly to variance in
change in BMI or weight [Dv2 (1) = 0, P = 1.0 for both models],
we focused on “ACE” models.

Advances in structural equation modeling over the past decade
now make it possible to model measures reflecting similarity of
environments as a specific variance component in traditional
ACE models and to provide CIs on the potential magnitude of the
effect of twin similarity (23). Following this example, to determine
the potential role of twin-pair frequency of social contact in ac-
counting for variance in change in BMI and weight, we extended
the traditional ACE model to include a fourth source of variance:
twin-pair social contact. The twin-pair score (ie, averaged across
twins, see above) for social contact was included in the model as
a direct measure of correlation of the latent social contact (eg,
SC factors; Figure 1). The values of frequency of social contact
(above) were recoded to vary from 0 to 1, with 0 denoting less
than yearly contact, 0.25 yearly contact, 0.50 monthly contact,
0.75 weekly contact, and 1.0 daily contact. Thus, the social contact
influence predicts that twins who have more social contact will be
more highly correlated for BMI than twins who had less social
contact. The full model is depicted in Figure 1.

The significance of frequency of social contact was de-
termined by comparing the fit of models omitting the parameter
with the fit of a full model, by using a Dv2 statistic based on
the difference in 22 log likelihoods between the 2 models with
df equal to the difference in the number of parameters between
the full and reduced models. All twin models and maximum
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likelihood parameter estimates were calculated by using the
raw data capabilities of the Mx program (24).

The standard underlying assumptions of twin modeling include
lack of assortative mating, lack of gene-environment correlation,
and lack of gene · environment interaction. Without parental data,
we were unable to test for assortative mating; thus, estimates of
shared environment may be upwardly biased. Following the tra-
ditional ACE model, we assumed that the A,C, and E influences
are orthogonal, so we did not directly test for latent gene-environment
correlation. We tested for gene · social contact interaction by
determining whether the impact of zygosity on twin pair simi-
larity in weight change appeared to vary by social contact in re-
gression analyses. As nothing suggestive was identified in regression
analyses, we did not formally test gene x social contact interaction
in twin modeling. A final important assumption is the equal
environments assumption, that is, the assumption that mono-
zygotic and dizygotic twins are equally correlated for environ-
mental factors of relevance to the trait of interest (25, 26).
Because we anticipated that social contact may produce a vio-
lation of this assumption, we designed our twin modeling to
include the social contact parameter as a fourth latent factor
orthogonal to the additive genetic, shared environmental and
nonshared environmental latent factors. Thus, the residual ad-
ditive genetic, shared environmental and nonshared environ-
mental factors were independent of variability in social contact,
that is, the estimates of A, C, and E were independent of vio-
lations of the equal environments assumption as measured by
greater social contact in monozygotic twins than in dizygotic
twins. Moreover, our model allowed us to directly estimate the
effects of violations of the equal environments assumption on
variation in BMI and weight change.

RESULTS

Demographic and descriptive statistics

Demographic information and descriptive statistics for BMI
and social contact are presented in Table 1. Participants were on
average 20 y of age at enlistment and 41 y of age at follow-up;

95% were white. In young adulthood, participants had an av-
erage BMI of 22, which is in the normal-weight range. Fourteen
percent of participants were in the overweight range (BMI �25
and ,30), 1.4% classified as obese (BMI � 30 and ,40) and
0% classified as morbidly obese (BMI � 40). In middle age, the
average BMI was 26, which is in the overweight range. Forty-
four percent of participants would be classified as overweight,
11.6% as obese, and 0.4% as morbidly obese. The increase in
BMI was 3.99 units, or 13.23 kg (29.11 lb), on average across
the 21-y follow-up. Seven percent maintained or lost weight,
whereas 93% gained weight.

Monozygotic twin pairs reported significantly more social
contact than did dizygotic twin pairs (P , 0.001). Slightly more
than one-half (52%) of monozygotic twin pairs reported daily or
weekly contact, whereas 31% of dizygotic twins reported that
frequency of contact.

Regression models

In linear regression models, both twin-pair zygosity (b =
0.099, P , 0.001) and frequency of social contact (b = 0.041,
P = 0.02) significantly predicted twin-pair differences in BMI
change over the 21-y follow-up. No significant interaction be-
tween zygosity and frequency of social contact was observed
(P = 0.38).

The association of zygosity and frequency of social contact
with twin-pair similarities in BMI change over the 21-y follow-up
is depicted in Figure 2; higher scores reflected greater within-
pair differences (ie, less similarity). Monozygotic twin pairs
were more similar in their change in BMI than were dizygotic
twin pairs. Independently, however, twin pairs reporting greater
social contact were also more similar in their change in BMI
than were twin pairs reporting less social contact.

FIGURE 1. Twin structural equation model for social contact (SC),
additive genetic effects (A), shared environmental effects (C), and
nonshared environmental effects (E) on BMI change in twins 1 and 2
within a pair. MZ, monozygotic twin pair; DZ, dizygotic twin pair; f,
frequency of contact between twins by phone, mail, or in person (0, less
than yearly contact; 0.25, yearly contact; 0.50, monthly contact; 0.75,
weekly contact; 1.0, daily contact).

TABLE 1

Demographic and descriptive statistics for the Vietnam-Era Twin

Registry sample

Monozygotic twins

(n = 3932;

1966 pairs)

Dizygotic twins

(n = 3058;

1529 pairs) P

Age (y)

Young adult 20.01 6 1.631 19.99 6 1.58 0.532

Middle age 40.66 6 3.11 40.61 6 2.75 0.49

BMI (kg/m2)

Young adult 22.01 6 2.93 22.09 6 2.94 0.57

Middle age 25.99 6 3.73 26.10 6 3.70 0.82

Race [n (%)] 0.553

White 3682 (95) 2862 (95)

African American 169 (4) 131 (4)

Hispanic 0 (0) 2 (0.1)

Other 14 (0.1) 4 (0.1)

Social contact [n (%)] ,0.001

Almost daily 958 (24) 306 (10)

Weekly 1112 (28) 654 (21)

Monthly 1120 (28) 940 (31)

Yearly 674 (17) 1056 (35)

Less than yearly 68 (2) 102 (3)

1 Mean 6 SD (all such values).
2 t test.
3 Chi-square test.
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Similar results were found for change in weight. Monozygotic
twin pairs were more similar in weight change than were di-
zygotic twin pairs (P , 0.001); however, again, a greater fre-
quency of social contact between twins independently predicted
more similarity in weight change over time (P = 0.008). No
significant interaction of zygosity and frequency of social con-
tact was observed (P = 0.43).

When examined individually, both phone contact and in-person
contact significantly predicted twin-pair similarity in weight (P,
0.02) and BMI change (P , 0.04), independent of zygosity.

Twin structural equation modeling

Results of the twin structural equationmodeling for BMI change
from young adulthood to middle age are presented in Table 2.
Model 1 for BMI change depicts the full model in which frequency
of social contact, additive genetic effects, shared environment, and
nonshared environment are simultaneously estimated. Twin-pair
social contact accounted for 16% of the variance, in addition to
significant additive genetic (42%) and nonshared environmental
effects (41%). No significant contribution of additional shared en-
vironmental effects was observed (1%).

In model 2, the twin social contact parameter was fixed to zero
to determine whether a significant decrement in model fit relative
to model 1 occurred. The change in model fit was highly sig-
nificant (P , 0.001), which indicated that twin-pair social
contact contributed significantly to variation in change in BMI
from young adulthood to middle age.

Similar results were obtained for weight change. In the full
model (weight change, model 1), social contact, additive genetic,
and nonshared environmental effects each contributed signifi-
cantly to the variance in weight change. When the effects of social
contact were fixed to zero (weight change, model 2), a significant
decrement in model fit was observed (P, 0.001), which indicated
that social contact contributed significantly to weight change.
Social contact accounted for 15% of the variation in weight
change.

Homophily

If people of similar physical characteristics tend to associate
with one another (homophily), then, in this case, twins’ similarity
in weight ought to predict the amount of social contact over time.
Therefore, we examined whether within-pair differences in BMI

FIGURE 2. Twin-pair differences in BMI change over 21 y of follow-up by frequency of social contact and zygosity. The analyses were conducted by using
linear regression [n = 3495 twin pairs; 1966 monozygotic (MZ) and 1529 dizygotic (DZ)]. Twin-pair zygosity (b = 0.099, P , 0.001) and frequency of social
contact (b = 0.041, P = 0.02) significantly predicted twin-pair differences in BMI changes over the 21 y of follow-up. No significant interaction between
zygosity and frequency of social contact was observed (P = 0.38).

TABLE 2

Contribution of twin-pair social contact to the heritability of change in BMI and weight from young adulthood to middle age (n = 3495 twin pairs; 1966

monozygotic and 1529 dizygotic)1

a2 c2 e2 Social contact 22LL df Dv2(1) P

BMI change (kg/m2)

Model 1 0.42 (0.31, 0.50)2 0.01 (0.00, 0.11) 0.41 (0.36, 0.45) 0.16 (0.07, 0.25) 18,616.059 6859

Model 2 0.49 (0.38, 0.56) 0.04 (0.00, 0.14) 0.47 (0.44, 0.50) X 18,627.433 6860 11.37 ,0.001

Weight change (kg)

Model 1 0.43 (0.31, 0.51) 0.02 (0.00, 0.12) 0.40 (0.36, 0.45) 0.15 (0.06, 0.24) 18,675.91 6959

Model 2 0.50 (0.40, 0.57) 0.04 (0.00, 0.14) 0.46 (0.43, 0.49) X 18,686.42 6960 10.51 ,0.001

1 All analyses were conducted by using twin structural equation modeling. a2, additive genetic variance; c2, shared environmental variance; e2, nonshared

environmental variance; 22LL, –2 log-likelihood; X, a parameter that was fixed to zero in the model for model comparison; Dv2(1), change in chi-square

with 1 df.
2 Parameter estimate; 95% CI in parentheses (all such values).
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and weight in young adulthood predicted the frequency of social
contact in middle age using pairwise linear regression models. No
significant associations were seen (P . 0.13).

DISCUSSION

The results of this study document that twin pairs who con-
tacted each other more frequently were more similar in weight
and BMI change from young adulthood to middle age. In twin
modeling, the frequency of social contact between twins
accounted for 15% to 16% of the variability in BMI and weight
change. In addition, BMI and weight gain were significantly
heritable, with no contribution of shared environmental factors.
Thus, our results indicate that social contact among twins pre-
dicted similarity in weight and BMI change in twin pairs above
and beyond the well-established genetic influences and beyond
the effects of shared environment, including contextual factors
that contribute to twin pair similarity.

The vast majority of participants in this study experienced
weight and BMI gain from young adulthood to middle age.
Young adulthood is increasingly recognized as a critical time to
study factors contributing to weight gain, because young adults
experience the greatest rate of weight gain, averaging 0.5–1.0 kg
(1–2 lb) per year (27, 28). The average weight changes in this
cohort of men mirrored those found in the literature, with an
average weight gain of 13.23 kg (29.11 lb), an increase in BMI of
3.99 over 21 y of follow-up, or an average weight gain of 0.6 kg
(1.4 lb) per year. The extent to which social contact contributes to
weight change in other age groups or in different age cohorts or to
weight loss remain interesting questions.

Our study addressed controversies raised in the literature. The
conclusion that social networks contribute to weight gain in the
original Christakis and Fowler (3) article had been criticized for
lack of sufficient control for other contextual factors that might
contribute to similarities in weight gain and the potential for
individuals to select friends of similar weight (homophily) (6). In
twin models, variance attributable to environmental factors that
contribute to twin-pair similarity is routinely estimated.We found
no evidence that other shared environmental factors contributed
significantly to change in BMI or weight.With regard to homophily,
we found no significant association between similarity in BMI in
young adulthood and later social contact in this sample, but note that
other forms of homophily that we did not assess in this study may
have been relevant to weight change. Thus, our results suggest that
the effects of social contact on weight change are not attributable to
homophily based on similarity in weight or to shared environmental
effects.

The results also raise important issues related to a key assumption
in estimating genetic effects based on twin models, namely that
monozygotic and dizygotic twins are equally correlated for envi-
ronmental factors of relevance to the trait of interest, ie, the equal
environments assumption (25, 26). To the extent that monozygotic
twins share more environmental similarity than dizygotic twins, it
is possible that the increased similarity among monozygotic, rel-
ative to dizygotic twins, reflects, in part, environmental effects and
therefore may bias parameter estimates, including an upward bias
of heritability. Consistent with the literature (29–31), we found
greater social contact among monozygotic than among dizygotic
twin pairs, which suggests that monozygotic twins share more
similar environments than do dizygotic twins. In addition, largely in

contrast with the literature, which has focused primarily on psy-
chiatric outcomes (25, 26), we found a significant effect of this
differential contact on our outcome of interest—twin similarity for
weight change. Interestingly, our results are consistent with the one
twin study that assessed the effect of twin-pair social contact on
similarity in BMI, albeit cross-sectionally (10).

Social contact accounted for a difference in heritability of 0.07
in BMI change (Table 2, model 1 compared with model 2). This
suggests that, although a lack of accounting for twin-pair social
contact does result in a statistically significant violation of the
equal environments assumption, the magnitude of this effect is
not large. The models produce parameter estimates within the
range of prior research regardless of whether frequency of social
contact between twins is taken into account. Nonetheless, given
the rarity of this type of finding in the literature, replication
studies are warranted to more fully characterize the magnitude of
this effect and its importance to twin and genetic studies of
weight and weight change. Furthermore, it is plausible that some
of the change in heritability across models may reflect gene-
environment correlation or interaction, which suggests that it may
be fruitful to further investigate social contact as a predictor in
models of gene-environment correlation or interaction in weight
change.

Social contacts are thought to affect weight status via social
norms and social modeling (3). Laboratory and quasi-experimental
studies have shown that social norms and modeling strongly affect
eating and activity behaviors. For example, Pliner and Mann (32)
randomly assigned participants to 1 of 3 conditions—no eating
norm, inhibited eating norm (“previous participants have not eaten
much”), or augmented eating norm (“previous participants have
eaten a lot”)—and showed that participants in the augmented norm
condition ate significantly more than participants in the inhibited
and no-norm conditions. Similarly, confederates who model stair
use have been shown to prompt stair use in participants (33).
Moreover, Leahey et al (8) showed that having more social
contacts trying to lose weight was associated with a greater in-
tention to lose weight. Furthermore, social norms for weight
control (ie, beliefs about what is socially acceptable) fully me-
diated this effect. Taken together, these findings suggest that social
norms and social modeling are strong candidate mechanisms for
the effects of twin-pair contact on weight gain.

The strengths of our research include the 21-y longitudinal
design in twins and similar weight gains as reported in prior
studies of young adults. The limitations pertain to the general-
izability of our results, because our cohort was entirely composed
of male twins of a limited age range, who are predominantly of
white descent, and data collection occurred from 1968 to 1990. In
addition, we did not have a measure of social contact in young
adulthood, our measure of social contact covered only 5 y before
the assessment, and we did not include other potential sources of
violation of the equal environments assumption (ie, differential
treatment by parents) or gene-environment correlation or in-
teraction. We also were not able to characterize the genetic and
environmental underpinnings of frequency of social contact.
Therefore, how social contact influences weight change, either
through genetic, shared environment, or complex gene-environment
correlation or gene-environment interaction is unclear. Finally,
the military had weight restrictions at entry; thus, our sample may
have been biased toward including individuals of normal weight
at enlistment.
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In summary, this article extends the growing literature on
social contact as a predictor of weight gain. Frequency of twin-
pair social contact significantly predicted similarity in weight
gain in twin pairs above and beyond genetic and other shared
environmental influences on weight gain.
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