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Abstract

Weight-based stigma compromises the social networks of overweight children. To date,

research on the position of overweight children in their peer network has focused only on

friendship relations, and not on negative relationship dimensions. This study examined how

overweight was associated with relations of friendship and dislike (antipathies) in the peer

group. Exponential random graph models (ERGM) were used to examine friendship and

antipathy relations among overweight children and their classmates, using a sub-sample

from the TRacking Adolescents’ Individual Lives Survey (N = 504, M age 11.4). Findings

showed that overweight children were less likely to receive friendship nominations, and

were more likely to receive dislike nominations. Overweight children were also more likely

than their non-overweight peers to nominate classmates that they disliked. Together, the

results indicate that positive and negative peer relations are impacted by children’s weight

status, and are relevant to addressing the social marginalization of overweight children.

Introduction

An important challenge for children is developing friendship relations [1, 2], and failing to

gain a sense of belonging in the peer group has been associated with poor psychosocial out-

comes [3]. Being overweight is one aesthetic feature that can hinder the establishment of

friendship relations [4]. Children who experience weight-based stigma have been found to be

at an increased risk of social isolation, loneliness, depression, low self-esteem, and reduced

quality of life [4]. Moreover, despite current high rates of childhood obesity [5] potentially
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normalizing excess body weight, obese children seem to be stigmatized even more so than

when rates were relatively low [6].

The impact of weight-based stigma on young peoples’ friendships has been well docu-

mented. Overweight children are less attractive as friends, receiving fewer friendship nomina-

tions than their non-overweight peers [7–11]. As a result of this social exclusion they tend to

be found at the periphery of their peer networks [12] despite nominating as many, or more,

friends than their non-overweight peers [7, 9, 12]. Moreover, overweight children are likely to

select each other as friends [7–10], and may subsequently influence and reinforce each others’

overweight status, because studies have shown that children and their close social ties become

more similar in body weight over time [8, 13–15]. Together, these findings highlight the

importance of excess body weight as a social marker for the establishment of friendships, and

the negative implications of the resulting marginalization of overweight youth by their peers.

Yet, to date, studies of weight-based marginalization have solely focused on exclusion from
friendships, indicative of a passive form of social exclusion. It is not known if overweight chil-

dren are also overtly rejected by their peers, whereby peers clearly express dislike of overweight

children. Traditionally, rejection has been measured as the extent to which children were nom-

inated as being disliked by their peers [3, 16], however recently it has been conceptualized as a

dyadic phenomenon, where it is defined as a negative relationship between pairs of children

which can either be unilateral or mutual [17, 18]. Involvement in these relationships of rejec-

tion—so-called “antipathies”—has been found to negatively impact the social development of

children in ways that are distinct from passive marginalization [19–21]. For example, research

on neglected and rejected children have shown overtly marginalized youth are especially at

risk for maladjustment [19]. So, overweight might lead to marginalization by having fewer

friends, but its impact on youths’ psychosocial development is likely to depend on whether

marginalization is also the result of being overtly rejected by peers. A more complete assess-

ment of the marginalization of overweight youth should therefore assess friendship relations

as well as examine the extent to which overweight is related to having antipathies in the peer

group.

The aim of this study is to examine how overweight is related to both friendship relations

and antipathies in children’s peer network. Overweight children are expected to receive fewer

friendship nominations, as well as more dislike nominations, relative to their non-overweight

peers, with the latter indicative of a more overt process of rejection and marginalization. Con-

sequently, we also expect that overweight children have more friendships with each other. As

gender is an important determinant steering friendship preferences [22], this attribute is

controlled for. Statistical models for social networks (Exponential Random Graph Models,

ERGMs), were used to test for associations between individual (overweight) and relational

(friendships, antipathies) variables using a modeling framework that accounts for the complex

structure of friendship and antipathy networks and the inherent dependencies within them

[23–25].

Materials and methods

Sample

A peer nomination subsample was used from the first wave of the TRacking Adolescents’ Indi-

vidual Lives Survey (TRAILS) cohort, collected between March 2001 and July 2002 [26–28].

The TRAILS sample consisted of preadolescents living in five municipalities (urban and rural)

in the north of the Netherlands. The ‘peer subsample’ comprised of school classes with at least

ten TRAILS participants, in which peer relations among classmates were assessed. Children

in special education or in small schools, and children who repeated or skipped a grade were
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excluded from this peer subsample [28]. Written consent to participate in the study was

obtained from both the parent and child. The study protocols were approved by the Nether-

land’s national ethics committee ‘Central Committee on Research Involving Human Subjects’

(CCMO).

For the present study, classes with participation rates under 60% were excluded to ensure

reliable estimates of friendship and antipathy patterns. This yielded a target sample of 28

school classes in the last year of primary education, with information on friendships and antip-

athies received of 714 children, including TRAILS participants (N = 504) and the non-partici-

pating classmates that they nominated (N = 210). Information on nominations received by

non-respondents was retained to gain a more complete representation of the network struc-

ture, however the inclusion of non-respondents in our classroom social network data means

that their outgoing nominations are coded as missing. This limits our ability to distinguish

between unidirectional vs. mutual (reciprocal) friendship and dislike relations, and so our

analyses focus on overweight children’s involvement in any (directed or mutual) friendship

and dislike relation. Information on all other variables was only available for respondents,

resulting in a target sample of 504 children (M age: 11.38, SD = 0.48, range 10.3 to 12.9; sex:

54.2% girls). There were no significant differences between the analytic sub sample included in

this study and other TRAILS participants in terms of body mass index (BMI) or the proportion

of participants who were overweight or obese.

Measures

Friendships. Participants nominated an unlimited number of their best friends in their

school class. Friends could be any gender and could include classmates not participating in

TRAILS. In the Netherlands, children take courses with a fixed group of classmates, therefore

classroom-based friendships are likely to be an important segment of their broader friendship

networks. Best friend nominations were used to define a directed adjacency matrix represent-

ing the friendship network within each school class, where for each directed pair of students

xij = 1 if student i nominated student j as a friend.

Antipathies. Participants nominated peers they disliked in their class, and similar to

friendship relations, the number and gender of nominations was not restricted. Again, dislike

nominations were used to define a directed adjacency matrix representing the antipathy net-

work within each school class, where for each directed pair of students xij = 1 if student i nomi-

nated student j as someone they dislike.

Anthropometry. Height and weight were measured individually by trained research assis-

tants using a SECA 208 stadiometer and a SECA 761 mechanical scale, and used to calculate

participants’ BMI (kg/m2). Internationally validated age and gender specific BMI cut-off points

[29] were used to classify participants as non-overweight or overweight (the latter including

overweight and obese classifications).

Demographics. Participants reported on their gender (male / female) and age.

Statistical analyses

A two-stage multilevel procedure was applied for the analyses. In the first stage, each network

was analyzed separately using ERGMs [23, 25]. The unit of the analysis is the ordered pair of

students in a classroom (xij), and the dependent variable is the observed value of a friendship

or dislike tie (1 = present, 0 = absent). As a consequence of the binary nature of the dependent

variable, ERGMs are logistic models to predict the probability that a tie exists. As pairs of stu-

dents are clearly not independent, dependencies in the data are explicitly modeled as structural

effects in ERGMs (e.g. reciprocity and transitivity). These structural tendencies were estimated
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alongside effects testing the hypothesized associations between weight status and friendship or

antipathy relations and control-attribute effects, to identify those most likely to explain the

structure of the observed networks [24, 30]; that is, the particular configurations of ties that

occur more or less than would be expected at chance levels, given the number of nodes and

density of the network (and therefore accounting for differences in network size and density

across classrooms). ERGMs were fit separately for the friendship and antipathy networks

using PNet [31], and a Markov Chain Monte Carlo approach was used to estimate model

parameter and standard errors.

To assess relationships between participants’ attributes (e.g., weight status) and their friend-

ship and antipathy relations, three types of effects were included in the models. A “sender

effect” represents the association between an attribute and the number of nominations given

by participants. A “receiver effect” represents the association between an attribute and the

number of nominations received. A “similarity effect” tests whether the probability of a net-

work tie is greater among dyads that have the same score on an attribute. These participant

attribute effects were included for weight status (1 = overweight, 0 = non-overweight) and

gender (1 = male, 0 = female). To control for potential differences in the network position of

classmates who did not participate in the survey, we included a receiver parameter for non-

respondents to model their incoming nominations.

The ERGM analyses yield a set of parameter estimates and associated standard errors for

each of the classes. In the second stage, these findings were combined in a meta-analysis [32,

33], where class coefficients were split into an average coefficient and a class-dependent devia-

tion. To differentiate between true and error variance, and thus to obtain more precise estima-

tors for the average effects and the variance of the effects across classes, we accounted for the

differences in standard errors between classes, such that classes with large standard errors have

less influence on the average effect size. Additionally, classes with very large standard errors

(> 4) on a parameter were removed from the analysis of the average effect and variance of that

parameter, as in these cases the regression coefficient was usually very high as well. The pro-

gram MLwiN [34] was used for an iterated estimation of the weighted least squares. Average

effects across classes are deemed significant at a .05 level when the ratio of the parameter esti-

mate to the standard error exceeds 1.96 [30]. Significant positive parameter estimates indicate

the effect is more prevalent than would be expected by chance, given other effects in the

model, and the reverse is true for negative estimates. In addition to the average effects across

classes, we also report on variance of the effect, which indicates whether classes differ in the

extent to which the effect occurs.

Results

Descriptive statistics and visualizations

Descriptive statistics for both types of relationships are presented in Table 1. There was an

average of 25 participating students per classroom (with a range of 13 to 36). The mean num-

ber of friendship nominations given and received was 6.91 (4.45) and 4.81 (2.37), respectively,

whereas the mean number of dislike nominations given and received was 3.78 (4.79) and 2.15

(2.24). Approximately 15 percent of the participants were overweight, and there was an aver-

age of 2 to 3 overweight children per classroom, with a range of 5.0% to 50.0% of participants

that were overweight in each classroom.

As an example, Fig 1 is a visualization of the friendship network in one classroom, and Fig

2 is a visualization of the antipathy network in the same classroom. Each node represents a stu-

dent in the classroom and directed lines represent friend or dislike nominations. Nodes are

shaped based on gender (squares = boys), and colored based on overweight status and study
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participation (white = non-overweight participating children, grey = non-participating chil-

dren, and black = overweight participating children). In this classroom, two of the three over-

weight girls (nodes 22 and 36) are involved in several antipathy relations, both as senders and

receivers, and few friendships with non-overweight children. The third overweight girl (node

5) has nominated more friends than her other overweight classmates, but these are largely

unreciprocated, and one of her friendship nominations (to node 22) is reciprocated with a ‘dis-

like’ nomination.

Statistical models for friendship networks

Results from the ERGMs fit to the friendship networks (Table 2) show that the observed net-

works were explained by several processes. The significant structural network effects indicate

that there was a strong tendency for friendship ties to be reciprocal (positive reciprocity effect).

The negative alternating-in-star and marginally significant positive 2-in-star parameters indi-

cate that participants who received a low number of friendship nominations were most com-

mon, and the negative alternating-out-star and positive 2-out-star effects show a tendency for

most students to nominate a small number of friends. Additionally, the positive transitive clo-

sure and negative multiple connectivity effects showed that “friends of friends” tended to be

friends, particularly when there were multiple shared friendships.

Participants were also more likely to nominate same-gender peers as friends, although this

effect varied considerably between classes. Non-respondents also tended to receive more

friendship nominations than respondents.

Over and above these effects, overweight children were less likely to be nominated as

friends than their non-overweight classmates (negative receiver effect). This effect was negative

in 70% of the classes, and significant across classes, indicating its consistency. Weight status

was not associated with the number of friendship nominations given (non-significant sender

effect), and there was no evidence that friends tended to be alike in weight status, as shown by

the non-significant overweight similarity effect.

Statistical models for antipathy networks

Results of the ERGMs fit to the antipathy networks (Table 3) showed a tendency for dislike nom-

inations to be reciprocated, for some participants to receive a higher number of nominations

Table 1. Descriptive statistics.

N total 714

N non-respondents 210

N classes 28

M (SD) number of participants per class 25.5 (6.4)

% male 45.8

M (SD) Number of overweight children per class 2.66 (1.63)

M (SD) Friendship Nominations given 6.91 (4.45)

M (SD) Friendship Nominations received 4.81 (2.37)

M (SD) Dislike Nominations given 3.78 (4.79)

M (SD) Dislike Nominations received 2.15 (2.24)

M (SD) BMI 17.96 (2.99)

% overweight 15.8

Note. Data for “Nominations received” were available for both TRAILS respondents and non-respondents.

For all other characteristics data were only available for TRAILS respondents.

https://doi.org/10.1371/journal.pone.0178130.t001
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than others (positive 2-instar), and for some participants to make more dislike nominations

than others (positive out-star). There was no evidence of triadic closure in antipathy networks,

whereby node A disliked node B, node B disliked node C, and node A also disliked node C. This

is not surprising, as it indicates that classmates did not have a tendency to cluster in triads or

small groups of classmates who all disliked each other.

The gender effects revealed that relative to girls, boys were more likely to nominate peers

that they disliked, and to be nominated as someone who is disliked. The negative gender sim-

ilarity parameter indicates that antipathy relations were more likely among cross-gender

peers. Additionally, non-respondents tended to receive more antipathy nominations than

respondents.

Finally, overweight children were more likely to receive dislike nominations than their

non-overweight classmates. They were also more likely to nominate peers that they disliked.

Specifically, the odds that a dislike tie was present versus absent was 1.65 greater when the

receiving student was overweight, and 1.15 greater when the nominator was overweight. The

receiver effect was positive in 86% of the classes (18 out of 21 classes), and significantly positive

Fig 1. The network of friendship relations in one class. Each node represents one student in the classroom (N = 36), and directed ties

represent nominations of friendship. Boys are represented by square nodes, and girls by circles. The black nodes represent the overweight

children, the white nodes are non-overweight children, and the grey nodes are non-participants for whom no information on outgoing

friendship/dislike nominations or weight status was obtained.

https://doi.org/10.1371/journal.pone.0178130.g001
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in 4 of these classes. The sender effect was positive in 12 classes, and significantly positive in 4

of these classes. There was no tendency for peers who shared an antipathy relationship to be

similar (or dissimilar) in weight status, as shown by the non-significant overweight similarity

effect.

Discussion

Building on previous findings that overweight youth receive fewer friendship nominations [7–

10], this study shows that overweight children are not only passively marginalized by their

peers by receiving fewer friendship nominations, but they are also overtly rejected by being

disliked by more of their peers.

Overweight youth were also found to nominate as many friends as their non-overweight

peers; a finding which is in line with longitudinal research showing that marginalization is pre-

dominantly driven by overweight youth being excluded by peers who do not reciprocate their

extensions of friendship, rather than a result of their own withdrawal [10]. Additionally, this

Fig 2. The network of antipathy relations in one class. Each node represents one student in the classroom (N = 36), and directed ties

represent nominations of classmates that are disliked. Boys are represented by square nodes, and girls by circles. The black nodes

represent the overweight children, the white nodes are non-overweight children, and the grey nodes are non-participants for whom no

information on outgoing friendship/dislike nominations or weight status was obtained.

https://doi.org/10.1371/journal.pone.0178130.g002
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Table 2. Estimated average effect of model parameters, standard errors, and variance between classes for friendship relations.

Model parameter Estimated average SE Estimated variance

Structural effects

Reciprocity 1.34** 0.11 0.01

2-in-star 0.04 0.02 0.00

2-out-star 0.15** 0.02 0.00

Alternating-in-star -0.21 0.19 0.07

Alternating-out-star -0.90** 0.24 0.34

Transitive closure 0.69** 0.07 0.05

Multiple connectivity -0.16** 0.02 0.01

Control attribute effects

Male sender -1.43** 0.23 0.81

Male received -1.18** 0.17 0.43

Male similarity 2.95** 0.44 3.14

Non-respondent receiver 0.27** 0.09 0.49

Weight status effects

Overweight sender -0.001 0.07 0.03

Overweight receiver -0.23* 0.10 0.00

Overweight similarity 0.01 0.25 0.00

* p < .05.

** p < .01.

Note. Model parameters were estimated for 23 classes where acceptable ERGM convergence was obtained.

https://doi.org/10.1371/journal.pone.0178130.t002

Table 3. Estimated average effect of model parameters, standard errors, and variance between classes for antipathy relations.

Model parameter Estimated average SE Estimated variance

Structural effects

Reciprocity 0.52** 0.16 0.00

2-in-star 0.64** 0.16 0.30

2-out-star 2.07** 0.12 0.15

Transitive closure 0.02 0.11 0.14

Multiple connectivity 0.01 0.04 0.02

Control attribute effects

Male sender 0.66** 0.11 0.05

Male received 1.05** 0.13 0.11

Male similarity -1.19** 0.22 0.37

Non-respondent receiver 0.33** 0.08 0.02

Weight status effects

Overweight sender 0.18** 0.06 0.00

Overweight receiver 0.53** 0.11 0.00

Overweight similarity -0.41 0.34 0.00

* p < .05.

** p < .01.

Note. Model parameters were estimated for 21 classes where acceptable ERGM model convergence was obtained, except reciprocity (19 classes), male

similarity (19), overweight sender (20 classes), and overweight similarity (11 classes).

https://doi.org/10.1371/journal.pone.0178130.t003
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study revealed that overweight children were more likely than their non-overweight peers to

dislike their classmates. The combined tendencies for overweight youth to dislike more of

their peers, for overweight youth to receive more dislike nominations, and for dislike relation-

ships to be reciprocal, indicates that overweight children are generally more involved in unidi-

rectional and mutual antipathies. This social environment, characterized by fewer friendships

and greater antipathies, is likely to put overweight youth at increased risk for psychosocial mal-

adjustment [4]. The resulting social isolation may also promote unhealthy behaviors, such as

excessive food intake and decreased participation in sports and physical activities [35], which

can lead to further weight gain and thus a cycle of poor physical and social outcomes.

We did not find support for the hypothesis that overweight children would be more likely

to befriend other overweight children, which has been shown in other studies [10–12]. Our

results may differ because these other studies examined friendship relations among a larger set

of peers within grade cohorts or entire schools, while our study examined friendships among a

smaller set of peers within classrooms. Hence, opportunities for overweight youth to befriend

one another were few with just 2 to 3 overweight students per classroom, on average. It may be

that socially marginalized overweight youth seek out friendships with overweight peers who

are outside of their class.

Limitations

Due to the cross-sectional nature of the data, we examined associations between overweight

and the structure of these social networks, but could not test for factors driving the selection of

network partners or influences of the network on participants; processes which may lead to

these observed associations. For example, although we did not find evidence of (dis)similarity

in weigh status among peers who shared friendship relations or antipathy relations, the emer-

gence of weight similarity amongst adolescent and adult friends found in other studies [8, 13]

could result from longer-term influence processes, whereby weight status assimilates as a result

of shared friendship, potentially via similar engagement in obesity-related behaviors [36–38]

or shared weight norms [39–41]. Studies that follow youth through these developmental stages

are needed to understand the emergence and timing of these processes. It would also be valu-

able for future longitudinal research to identify social processes and broader structural features

of peer networks that give rise to mutual vs. unidirectional friendships and antipathies among

overweight youth. For example, mutual antipathies may be established to achieve structural

balance within particular triadic network structures, whereby youth dislike the peers that their

friends’ dislike; a process that may be socially adaptive and not associated with psychosocial

risk for overweight youth [42].

A further limitation of our study is that peer relations were only assessed within classrooms.

It is possible that findings may differ with other types of peers (e.g., grade cohort peers, older

peers, or neighborhood-based peers).

Conclusions

Stigmatizing and marginalizing overweight children does not serve to discourage overweight,

but rather contributes to their increased risk of negative physical and mental health outcomes

[43]. These negative psychological outcomes are not surprising given our findings that over-

weight children actively seek out friendships, but are marginalized as a result of being passively

and overtly rejected by their non-overweight peers. This overt rejection entailed being the tar-

get of a greater number of antipathies from their peers, as well as the originator of a greater

number of antipathies directed towards their peers. Addressing weight-based stigma, espe-

cially amongst non-overweight children, should be a standard component of obesity
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prevention efforts, with the aim of improving social integration and overall quality of life of

overweight children as well as their physical health.

Acknowledgments

We are grateful to all adolescents, their parents and teachers who participated in this research

and to everyone who worked on this project and made it possible. We also thank Garry Robins

and Carlene Wilson for their helpful comments on this manuscript.

Author Contributions

Conceptualization: KdlH JKD.

Data curation: JKD RS.

Formal analysis: KdlH JKD MJL LvR.

Funding acquisition: JKD RS.

Methodology: KdlH JKD MJL RS.

Writing – original draft: KdlH JKD.

Writing – review & editing: KdlH JKD MJL LvR RS.

References
1. Corsaro WA, Eder D. Children’s peer cultures. Annual Review of Sociology. 1990; 16(1):197–220.

https://doi.org/10.1146/annurev.so.16.080190.001213

2. Giordano PC. Relationships in adolescence. Annual Review of Sociology. 2003; 29(1):257–81. https://

doi.org/10.1146/annurev.soc.29.010202.100047

3. Gifford-Smith ME, Brownell CA. Childhood peer relationships: Social acceptance, friendships, and peer

networks. Journal of School Psychology. 2003; 41(4):235–84. https://doi.org/10.1016/s0022-4405(03)

00048-7

4. Gray WN, Kahhan NA, Janicke DM. Peer victimization and pediatric obesity: A review of the literature.

Psychology in the Schools. 2009; 46(8):720–7. https://doi.org/10.1002/pits.20410

5. Ogden CL, Carroll MD, Flegal KM. High body mass index for age among US children and adolescents,

2003–2006. Journal of the American Medical Association. 2008; 299(20):2401–5. https://doi.org/10.

1001/jama.299.20.2401 PMID: 18505949

6. Latner JD, Stunkard AJ. Getting worse: The stigmatization of obese children. Obesity. 2003; 11(3):452–

6. https://doi.org/10.1038/oby.2003.61 PMID: 12634444

7. Crosnoe R, Frank K, Muener AS. Gender, body size and social relations in American high schools.

Social Forces. 2008; 86(3):1189–216.

8. Shoham DA, Tong L, Lamberson PJ, Auchincloss AH, Zhang J, Dugas L, et al. An actor-based model

of social network influence on adolescent body size, screen time, and playing sports. PLoS ONE. 2012;

7(6):29.

9. Valente TW, Fujimoto K, Chou C-P, Spruijt-Metz D. Adolescent affiliations and adiposity: A social net-

work analysis of friendships and obesity. Journal of Adolescent Health. 2009; 45(2):202–4. https://doi.

org/10.1016/j.jadohealth.2009.01.007 PMID: 19628148

10. de la Haye K, Robins G, Mohr P, Wilson C. Homophily and contagion as explanations for weight similar-

ities among adolescent friends. Journal of Adolescent Health. 2011; 49(4):421–7. https://doi.org/10.

1016/j.jadohealth.2011.02.008 PMID: 21939874

11. Ali MM, Amialchuk A, Rizzo JA. The influence of body weight on social network ties among adolescents.

Economics & Human Biology. 2012; 10:20–34. http://dx.doi.org/10.1016/j.ehb.2011.10.001.

12. Strauss RS, Pollack HA. Social marginalization of overweight children. Archives of Pediatrics & Adoles-

cent Medicine. 2003; 157(8):746–52. https://doi.org/10.1001/archpedi.157.8.746 PMID: 12912779.

13. Christakis NA, Fowler JH. The spread of obesity in a large social network over 32 years. New England

Journal of Medicine. 2007; 357(4):370–9. https://doi.org/10.1056/NEJMsa066082 PMID: 17652652.

Friendship and antipathy relations in the marginalization of overweight children’s networks

PLOS ONE | https://doi.org/10.1371/journal.pone.0178130 June 7, 2017 10 / 12

https://doi.org/10.1146/annurev.so.16.080190.001213
https://doi.org/10.1146/annurev.soc.29.010202.100047
https://doi.org/10.1146/annurev.soc.29.010202.100047
https://doi.org/10.1016/s0022-4405(03)00048-7
https://doi.org/10.1016/s0022-4405(03)00048-7
https://doi.org/10.1002/pits.20410
https://doi.org/10.1001/jama.299.20.2401
https://doi.org/10.1001/jama.299.20.2401
http://www.ncbi.nlm.nih.gov/pubmed/18505949
https://doi.org/10.1038/oby.2003.61
http://www.ncbi.nlm.nih.gov/pubmed/12634444
https://doi.org/10.1016/j.jadohealth.2009.01.007
https://doi.org/10.1016/j.jadohealth.2009.01.007
http://www.ncbi.nlm.nih.gov/pubmed/19628148
https://doi.org/10.1016/j.jadohealth.2011.02.008
https://doi.org/10.1016/j.jadohealth.2011.02.008
http://www.ncbi.nlm.nih.gov/pubmed/21939874
http://dx.doi.org/10.1016/j.ehb.2011.10.001
https://doi.org/10.1001/archpedi.157.8.746
http://www.ncbi.nlm.nih.gov/pubmed/12912779
https://doi.org/10.1056/NEJMsa066082
http://www.ncbi.nlm.nih.gov/pubmed/17652652
https://doi.org/10.1371/journal.pone.0178130


14. Fowler JH, Christakis NA. Estimating peer effects on health in social networks: A response to Cohen-

Cole and Fletcher; and Trogdon, Nonnemaker, and Pais. Journal of Health Economics. 2008; 27

(5):1400–5. https://doi.org/10.1016/j.jhealeco.2008.07.001 PMID: 18692263

15. Halliday TJ, Kwak S. Weight gain in adolescents and their peers. Economics & Human Biology. 2009; 7

(2):181–90. https://doi.org/10.1016/j.ehb.2009.05.002 PMID: 19497795

16. Newcomb AF, Bukowski WM, Pattee L. Children’s peer relations: A meta-analytic review of popular,

rejected, neglected, controversial, and average sociometric status. Psychological Bulletin. 1993; 113

(1):99–128. https://doi.org/10.1037/0033-2909.113.1.99 PMID: 8426876. First Author & Affiliation:

Newcomb, Andrew F.

17. Berger C, Dijkstra JK. Competition, Envy, or Snobbism? How Popularity and Friendships Shape Antipa-

thy Networks of Adolescents. Journal of Research on Adolescence. 2013; 23(3):586–95. https://doi.

org/10.1111/jora.12048

18. Card NA. Antipathetic relationships in child and adolescent development: A meta-analytic review and

recommendations for an emerging area of study. Developmental Psychology. 2010; 46:516–29. https://

doi.org/10.1037/a0017199 PMID: 20210510

19. Ollendick TH, Weist MD, Borden MC, Greene RW. Sociometric status and academic, behavioral, and

psychological adjustment: A five-year longitudinal study. Journal of Consulting and Clinical Psychology.

1992; 60(1):80. PMID: 1556290

20. Wentzel KR, Asher SR. The academic lives of neglected, rejected, popular, and controversial children.

Child Development. 1995; 66(3):754–63. PMID: 7789200

21. Newcomb AF, Bukowski WM, Pattee L. Children’s peer relations: A meta-analytic review of popular,

rejected, neglected, controversial, and average sociometric status. Psychological Bulletin. 1993;

113:99–128. https://doi.org/10.1037/0033-2909.113.1.99 PMID: 8426876

22. Kupersmidt JB, DeRosier ME, Patterson CP. Similarity as the basis for children’s friendships: The roles

of sociometric status, aggressive and withdrawn behavior, academic achievement and demographic

characteristics. Journal of Social and Personal Relationships. 1995; 12(3):439–52. https://doi.org/10.

1177/0265407595123007

23. Robins G, Pattison P, Kalish Y, Lusher D. An introduction to exponential random graph (p*) models for

social networks. Social Networks. 2007; 29(2):173–91. https://doi.org/10.1016/j.socnet.2006.08.002

24. Robins G, Pattison P, Wang P. Closure, connectivity and degree distributions: Exponential random

graph (p*) models for directed social networks. Social Networks. 2009; 31(2):105–17. https://doi.org/

10.1016/j.socnet.2008.10.006

25. Lusher D, Koskinen J, Robins G. Exponential Random Graph Models for Social Networks: Theory,

Methods, and Applications. New York, NY: Cambridge University Press; 2012 2012/11/19/. 361 p.

26. de Winter A, Oldehinkel A, Veenstra R, Brunnekreef J, Verhulst F, Ormel J. Evaluation of non-response

bias in mental health determinants and outcomes in a large sample of pre-adolescents. European Jour-

nal of Epidemiology. 2005; 20(2):173–81. https://doi.org/10.1007/s10654-004-4948-6 PMID: 15792285

27. Oldehinkel AJ, Hartman CA, De Winter AF, Veenstra R, Ormel J. Temperament profiles associated

with internalizing and externalizing problems in preadolescence. Development and Psychopathology.

2004; 16(2):421–40. https://doi.org/10.1017/S0954579404044591 PMID: 15487604

28. Veenstra R, Lindenberg S, Oldehinkel AJ, De Winter AF, Verhulst FC, Ormel J. Bullying and victimiza-

tion in elementary schools: A comparison of bullies, victims, bully/victims, and uninvolved preadoles-

cents. Developmental Psychology. 2005; 41(4):672–82. https://doi.org/10.1037/0012-1649.41.4.672

PMID: 16060813

29. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and

obesity worldwide: International survey. British Medical Journal. 2000; 320(7244):1240–6. https://doi.

org/10.1136/bmj.320.7244.1240 PMID: 10797032

30. Snijders TAB, Pattison PE, Robins G, Handcock MS. New specifications for exponential random graph

models. Sociological Methodology. 2006; 36(1):99–153. https://doi.org/10.1111/j.1467-9531.2006.

00176.x

31. Wang P, Robins G, Pattison P. PNet: a program for the simulation and estimation of exponential ran-

dom graph models. School of Behavioural Science, University of Melbourne; 2006.

32. Lubbers MJ. Group composition and network structure in school classes: a multilevel application of the

p* model. Social Networks. 2003; 25(4):309–32. http://dx.doi.org/10.1016/S0378-8733(03)00013-3.

33. Snijders TAB, Baerveldt C. A multilevel network study of the effects of delinquent behavior on friendship

evolution. The Journal of Mathematical Sociology. 2003; 27:123–51. https://doi.org/10.1080/

00222500305892

34. Rasbash J, Charlton C, Browne WJ, Healy M, Cameron B. MLwiN Version 2.1. Centre for Multilevel

Modelling, University of Bristol2009.

Friendship and antipathy relations in the marginalization of overweight children’s networks

PLOS ONE | https://doi.org/10.1371/journal.pone.0178130 June 7, 2017 11 / 12

https://doi.org/10.1016/j.jhealeco.2008.07.001
http://www.ncbi.nlm.nih.gov/pubmed/18692263
https://doi.org/10.1016/j.ehb.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19497795
https://doi.org/10.1037/0033-2909.113.1.99
http://www.ncbi.nlm.nih.gov/pubmed/8426876
https://doi.org/10.1111/jora.12048
https://doi.org/10.1111/jora.12048
https://doi.org/10.1037/a0017199
https://doi.org/10.1037/a0017199
http://www.ncbi.nlm.nih.gov/pubmed/20210510
http://www.ncbi.nlm.nih.gov/pubmed/1556290
http://www.ncbi.nlm.nih.gov/pubmed/7789200
https://doi.org/10.1037/0033-2909.113.1.99
http://www.ncbi.nlm.nih.gov/pubmed/8426876
https://doi.org/10.1177/0265407595123007
https://doi.org/10.1177/0265407595123007
https://doi.org/10.1016/j.socnet.2006.08.002
https://doi.org/10.1016/j.socnet.2008.10.006
https://doi.org/10.1016/j.socnet.2008.10.006
https://doi.org/10.1007/s10654-004-4948-6
http://www.ncbi.nlm.nih.gov/pubmed/15792285
https://doi.org/10.1017/S0954579404044591
http://www.ncbi.nlm.nih.gov/pubmed/15487604
https://doi.org/10.1037/0012-1649.41.4.672
http://www.ncbi.nlm.nih.gov/pubmed/16060813
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
http://www.ncbi.nlm.nih.gov/pubmed/10797032
https://doi.org/10.1111/j.1467-9531.2006.00176.x
https://doi.org/10.1111/j.1467-9531.2006.00176.x
http://dx.doi.org/10.1016/S0378-8733(03)00013-3
https://doi.org/10.1080/00222500305892
https://doi.org/10.1080/00222500305892
https://doi.org/10.1371/journal.pone.0178130


35. Salvy S-J, de la Haye K, Bowker JC, Hermans RCJ. Influence of peers and friends on children’s and

adolescents’ eating and activity behaviors. Physiology & Behavior. 2012; 106(3):369–78. https://doi.

org/10.1016/j.physbeh.2012.03.022 PMID: 22480733

36. de la Haye K, Robins G, Mohr P, Wilson C. Obesity-related behaviors in adolescent friendship net-

works. Social Networks. 2010; 32(3):161–7. https://doi.org/10.1016/j.socnet.2009.09.001

37. de la Haye K, Robins G, Mohr P, Wilson C. How physical activity shapes, and is shaped by, adolescent

friendships. Social Science & Medicine. 2011; 73(5):719–28. https://doi.org/10.1016/j.socscimed.2011.

06.023 PMID: 21802807

38. de la Haye K, Robins G, Mohr P, Wilson C. Adolescents’ intake of junk food: Processes and mecha-

nisms driving consumption similarities among friends. Journal of Research on Adolescence. 2013;

23:524–36. https://doi.org/10.1111/jora.12045

39. Burke MA, Heiland F. Social dynamics of obesity. Economic Inquiry. 2007; 45(3):571–91. https://doi.

org/10.1111/j.1465-7295.2007.00025.x

40. Hammond RA, Ornstein JT. A model of social influence on body mass index. Annals of the New York

Academy of Sciences. 2014; 1331(1):34–42. https://doi.org/10.1111/nyas.12344 PMID: 24528150

41. Shoham DA, Hammond R, Rahmandad H, Wang Y, Hovmand P. Modeling social norms and social

influence in obesity. Curr Epidemiol Rep. 2015; 2(1):71–9. https://doi.org/10.1007/s40471-014-0032-2

PMID: 26576335

42. Rambaran JA, Dijkstra JK, Munniksma A, Cillessen AHN. The development of adolescents’ friendships

and antipathies: A longitudinal multivariate network test of balance theory. Social Networks. 2015;

43:162–76. http://dx.doi.org/10.1016/j.socnet.2015.05.003.

43. Puhl RM, Latner JD. Stigma, obesity, and the health of the nation’s children. Psychological Bulletin.

2007; 133(4):557–80. https://doi.org/10.1037/0033-2909.133.4.557 PMID: 17592956.

Friendship and antipathy relations in the marginalization of overweight children’s networks

PLOS ONE | https://doi.org/10.1371/journal.pone.0178130 June 7, 2017 12 / 12

https://doi.org/10.1016/j.physbeh.2012.03.022
https://doi.org/10.1016/j.physbeh.2012.03.022
http://www.ncbi.nlm.nih.gov/pubmed/22480733
https://doi.org/10.1016/j.socnet.2009.09.001
https://doi.org/10.1016/j.socscimed.2011.06.023
https://doi.org/10.1016/j.socscimed.2011.06.023
http://www.ncbi.nlm.nih.gov/pubmed/21802807
https://doi.org/10.1111/jora.12045
https://doi.org/10.1111/j.1465-7295.2007.00025.x
https://doi.org/10.1111/j.1465-7295.2007.00025.x
https://doi.org/10.1111/nyas.12344
http://www.ncbi.nlm.nih.gov/pubmed/24528150
https://doi.org/10.1007/s40471-014-0032-2
http://www.ncbi.nlm.nih.gov/pubmed/26576335
http://dx.doi.org/10.1016/j.socnet.2015.05.003
https://doi.org/10.1037/0033-2909.133.4.557
http://www.ncbi.nlm.nih.gov/pubmed/17592956
https://doi.org/10.1371/journal.pone.0178130

