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ing their social position in the larger peer context. Conceptualizing distinct local

and global network structures clarifies how social integration relates to mental
wellbeing. Examining local cohesion and global embeddedness in the context of key
factors related to mental health, such as gender and friends’ depression, can further
distinguish when the structure and content of social integration relate to higher and
lower depressive levels. Analyses using survey data from PROSPER (n = 27,091,
grades 9-12) indicate global embeddedness is generally protective, but for girls,
greater global embeddedness when friends are more depressive is associated with
increased depressive symptoms. For girls, greater local cohesion reduces associations
between more depressive friends and increased depressive levels, while for boys,
both local cohesion and friends’ depression are largely irrelevant. Results indicate the
importance of considering both local and global network integration in tandem with
gender and friends’ depression to understand how social integration relates to mental
health.

I n adolescence, teens manage close friendships while simultaneously evaluat-
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Social integration is critical for mental wellbeing (Durkheim 2006 [1897];
Kawachi and Berkman 2001). Integration, or being embedded within cohesive
structures of social ties, shapes behaviors, opportunities, and constraints that
affect mental health (Moody and White 2003; Pescosolido 1992). Integration is
particularly important in adolescence, a developmental period when peers take
on heightened salience (Ragan, Osgood, and Feinberg 2014) and risks to mental
health rise (Hankin 2006). About, 20-50 percent of teens report substantial
depressive symptoms, with even minor depressive levels predicting subsequent

T Thank you to Jim Moody, Linda George, Tyson Brown, Cathy Liu, and the networks and medical
sociology labs at Duke University for their helpful comments. Grants from the William T. Grant
Foundation (8316), National Institute on Drug Abuse (R0O1-DA018225), and National Institute of
Child Health and Development (R24-HDO041025) supported this research. The analyses used data
from PROSPER, a project directed by R. L. Spoth, funded by the National Institute on Drug Abuse
(RO1-DA013709). Direct all correspondence to Molly Copeland, Department of Sociology, 433A
Berkey Hall, 509 E. Circle Drive East Lansing, MI 48824, USA; e-mail: mcope@msu.edu.

© The Author(s) 2022. Published by Oxford University Press on behalf of the University Social Forces 101(3) 1396-1421, March 2022
of North Carolina at Chapel Hill. All rights reserved. For permissions, please e-mail: https://doi.org/10.1093/sf/soac034
journals.permissions@oup.com. Advance Access Publication


https://doi.org/10.1093/sf/soac034

Embedded Distress 1397

suicidal behavior, depressive disorders, and impaired functioning (Allen et al.
2014; Hankin 2006). However, how social contexts shape depression early in the
life course remains unclear, with greater connections in peer networks related to
both lower (La Greca and Harrison 2005; Ueno 2005) and higher mental distress
(Falci and McNeely 2009; Kornienko et al. 2013).

Teens occupy multidimensional positions at multiple network levels. These
positions simultaneously include integration among immediate ties with close
friends and embeddedness in the network overall. Individuals are thus struc-
turally integrated within a network in two conceptually distinct ways: locally and
globally. Being nested in one’s ego-network of direct ties and the overall network
of a setting provide measures of local cohesion and global embeddedness that
may impact mental health differently.

Moreover, how network structure relates to mental health depends on the
content and context of social relationships (Pescosolido 2006). Gender social-
ization affects social relationships, mental health, and how relationships affect
mental health (Rose and Rudolph 2006; Rosenfield and Mouzon 2013). The
same network characteristics can relate differently to mental health for girls
and boys (Copeland et al. 2019; Falci and McNeely 2009). Similarly, peers’
mental health may shape how relations affect individuals’ mental health, as
relationships that are typically beneficial may become detrimental if friends are
experiencing depressive symptoms (Schwartz-Mette et al. 2020). Consequently,
any associations of local and global integration with mental health likely depend
on gender and peer mental health.

This study advances research on social networks and mental health by
examining gendered contexts of structural integration among close friends and
the overall network, as local cohesion and global embeddedness. Using rich
sociocentric data from the PROSPER survey, I examine whether within-person
changes in local cohesion and global embeddedness predict changes in depressive
symptoms in adolescence. I then test whether gender and friends’ depressive
levels moderate these associations. In doing so, this study contributes to our
understanding of social integration, the structure and content of network ties,
and mental health.

I begin by reviewing the social networks perspective of social integration
as potentially beneficial and detrimental in adolescence, then highlight two
important levels of integration: local cohesion and global embeddedness. I then
review the importance of considering key contextual features that shape how
integration relates to mental health, specifically gender and friends’ mental
health, before moving into the new empirical analyses of this study.

Background

Social Integration and Mental Health in Adolescence

The social networks perspective recognizes that social ties relate to outcomes in
many domains, including health (Pescosolido 2015, 2006). Direct and indirect
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ties create webs of relational structure in which individuals are more or less
embedded (Granovetter 1973; Hartwell and Benson 2007; Pescosolido et al.
2016). The structural arrangement of close and distant connections shapes access
to resources, shared trust, social demands, norms, and behavior (Granovetter
1973; Pescosolido 1992). Consequently, the extent to which an individual is
integrated within the network structure affects mental health (Abrutyn and
Mueller 2016). Examining this structural integration is critical when considering
mental health, as distress itself can skew self-perceptions of integration (Cillessen
and Bellmore 1999).

In adolescence, same-age school peers guide norms, identity, psychological
well-being, and behavior (Umberson, Crosnoe, and Reczek 2010). As a result,
school peer networks provide multi-faceted contexts related to health, beyond
effects of direct ties (Falci and McNeely 2009; Lee and Lee 2020; Suh, Shi, and
Brashears 2017). Effects of peer social integration can also last into adulthood
(Almquist 2011; Kamis and Copeland 2020). Adolescent networks thus provide
a critical test case for networks and mental health, but the importance of social
integration extends to other ages and contexts (Faris 2012).

Social integration typically benefits mental health (Kawachi and Berkman
2001). Integration in a network provides foundational structures for social
support, shared identity, and other psychosocial benefits that support mental
wellbeing (Hartwell and Benson 2007; Pescosolido et al. 2016; Ueno 2005).
Lacking integration also predicts higher mental distress (Kornienko et al. 2013).
For teens, popularity among school peers (as in-degree categories), one’s number
of friends (total degree), and belonging to a high-status peer group all predict
lower depressive levels (La Greca and Harrison 2005; Ueno 2005).

Yet integration is not exclusively beneficial. While research on integration and
mental health typically highlights benefits of integration, integration can also
harm wellbeing (Abrutyn and Mueller 2016). Integration can increase social
regulation, sanctions for violating norms, and demands for support (McGloin,
Sullivan, and Thomas 2014; Pescosolido et al. 2016). In adolescence, popularity
and greater prestige among depressive friends (Reynolds and Crea 2015), and
very high levels of popularity (Falci and McNeely 2009) predict higher depressive
levels. Understanding when integration relates to better or worse mental health
may benefit from examining distinct dimensions of integration.

Local Cohesion and Global Embeddedness

Understanding how integration relates to mental health can benefit from apply-
ing a multilevel network perspective (Brailly et al. 2016; Haas, Schaefer, and
Kornienko 2010; Lee and Lee 2020). Structural integration occurs at two
simultaneous levels of the network, here termed local cohesion and global
embeddedness (Granovetter 1992).! Some multilevel network approaches dis-
tinguish individual positions versus characteristics of the overall network (for
examples using ego-network and global network-level characteristics, see Guan
and Kamo 2016; Ueno 2005). However, an individual’s position is also inte-
grated at multiple network levels. Individuals are more or less integrated in close
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relationships that are simultaneously nested within the larger web of connections
in the overall network. That is, social integration is a combination of integration
among both proximal, close ties and the more distal structure of the entire
network. A multilevel network perspective conceptualizes these network levels
as related and nested, but also distinct, with different structures and effects at
each level (Brailly et al. 2016; Pescosolido et al. 2016). Examining these distinct
levels of social integration can clarify how individuals’ connections present risks
and benefits to health (Pescosolido 2015).

First, individuals’ can be more or less integrated in their ego-network. Ego-
networks are a teen’s named friends, representing a group of close ties (with
“close” meaning direct ties as opposed to indirectly connected acquaintances,
rather than the strength or content of a relationship). Integration at this local
level relates to mental health beyond simply the count of one’s ties (Falci and
McNeely 2009). One aspect of integration among close ties is local cohesion,
meaning the interconnectedness or density of ties in one’s ego-network. For
example, an individual could have many ties to others, or alters, who are not
connected to each other. This creates a non-integrative, non-cohesive group
that is easily disconnected. The same number of ties among alters who are
interconnected creates a cohesive group that is harder to disrupt. This local
cohesion has implications for the benefits or constraints that an individual
experiences, distinct from other network measures (Falci and McNeely 2009;
Granovetter 1992). The cohesive structure of close ties indicates the extent
and intensity of group interactions, shared identity, and trust (Haynie 2001;
McGloin, Sullivan, and Thomas 2014). Greater local cohesion can strengthen
group norms and social support, but it can also lead to over-regulation of
behavior, sanctions for violating norms, and the proliferation of stress across
ties (Falci and McNeely 2009; Kornienko et al. 2013; McGloin, Sullivan, and
Thomas 2014).

Second, individuals can be more or less globally integrated, meaning how
deeply nested an individual is within the entire network. As with local ego-
networks, the structural cohesion of an entire network is determined by whether
multiple network pathways connect individuals (Moody and White 2003).
This cohesion represents the extent to which social relations hold the network
together and are robust to disruption (Moody and White 2003). Structural
cohesion at the individual level means that each individual’s position in the
network is embedded within the overall web of social ties “like Russian dolls—
with increasingly cohesive groups nested inside each other” (Moody and White
2003, p. 109), akin to being in the core or periphery of the entire network.
Unlike whole network characteristics (e.g., size of the entire network), this
global embeddedness captures cohesive structures among an individual’s indirect
social relations that shape norms, behaviors, or the spread of resources across a
network (Bastomski, Brazil, and Papachristos 2017; Moody and White 2003).
Individuals’ global embeddedness has been shown to shape economic action
(Granovetter 1985), criminal activity (Bastomski, Brazil, and Papachristos 2017),
and school attachment (Moody and White 2003), but it has not yet been applied
to mental health.
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Local cohesion and global embeddedness are theoretically and empirically
distinct (Moody and White 2003). For example, a cohesive, tight-knit group
of close friends situated on the periphery of the overall network represents
high local cohesion and low global embeddedness. Conversely, a teen may be
deeply nested within the entire network but span non-cohesive friend groups,
representing high global embeddedness and low local cohesion. However, these
two simultaneous aspects of individuals’ integration in a network have not been
examined together in association with mental health.

Mental Health Context and Integration

Another key element in disentangling how network integration relates to well-
being is the mental health context of ties. How network structure relates to
health depends in part on the content within that structure (Pescosolido 2006).
Integration may relate differently to depression depending on peers’ mental
health. While some network studies examine depression contagion (Schaefer,
Kornienko, and Fox 2011), friends’ mental health can also shape how integration
predicts depression beyond direct diffusion processes. Depressive friends can
induce conflict, stress, or maladaptive processes that increase distress (Coyne
1976; Schwartz-Mette et al. 2020).

Peers’ mental health may affect both local and global network integration.
For example, processes that lead peers to benefit mental health, such as social
support, typically happen among close friends rather than distant acquaintances
in the wider network (Cornwell 2003; Schwartz-Mette et al. 2020). However,
these same close friend groups can also spur detrimental processes, such as exces-
sive support-seeking or co-rumination (Schwartz-Mette et al. 2020). Thus, local
cohesion may typically benefit teens, but be moderated by friends’ depressive
levels.

Friends’ mental health can also interact with the broader features of a setting
(Lee and Lee 2020). For example, both close friends” and grademates’ depressive
levels relate to teens’ depression, but in different ways (Lee and Lee 2020). The
salience of a teen’s social position in the overall setting also shapes how social ties
affect mental health (Abrutyn and Mueller 2016). In this way, both local cohesion
and global embeddedness may interact with friends’ depressive symptoms to
affect teens’ mental health.?

Gender and Integration

Any view of mental health and social integration benefits from examining gender.
Gender is a major status characteristic organizing social life and interpersonal
interactions (Ridgeway and Correll 2004). Gender patterns mental distress,
social relationships, and how social relationships relate to health (McMillan,
Felmlee, and Osgood 2018; Turner and Turner 1999; Umberson et al. 2010).
Women typically exhibit higher depressive levels than men (Rosenfield and
Mouzon 2013; Turner and Turner 1999). This difference first manifests in
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adolescence (Hankin 2006) and cannot be reduced to artifacts of scale creation
or gender differences in emotional expressiveness (Simon 2020).

How social relationships relate to mental health also varies with gender. Teens
perform gender in friendships, with gender shaping interactions, norms, and
social pressures that contribute to how friendships affect behavior and health
(McMillan, Felmlee, and Osgood 2018). Girls are socialized to prioritize others
over the self, emphasize emotional disclosure and support, “tend and befriend”
others in response to stress, and generally depend upon others (Abrutyn and
Mueller 2016; Rose and Rudolph 2006; Rosenfield 2012). Relationships, as well
as events, strains, and changes in social networks, play a large role in girls’ self-
schemas, with resultant effects on mental health (Rosenfield 2012; Simon 2020).
This importance of close friendships to girls suggests that local cohesion can
substantially impact girls’ mental health.

Girls are also typically more aware of network structure overall, and network
structure has greater mental health effects for girls (Abrutyn and Mueller 2016;
Kornienko and Santos 2014). Positions in the overall network affect girls’
mental health (Kornienko and Santos 2014), and girls are highly attuned to peer
approval and status (Rose and Rudolph 2006). Thus, global embeddedness likely
also relates to girls’ mental health.

Gender differences also arise in relational content. Compared to boys, girls
typically maintain fewer, closer relationships marked by greater self-disclosure,
support, and co-rumination, processes that affect distress (Kornienko and Santos
2014; Schwartz-Mette et al. 2020). These features of girls’ friendships mean that
friends’ depressive symptoms may affect girls’ own depressive levels.

In contrast, boys are typically socialized to enforce and adhere to masculine
norms in friendships. Boys generally maintain larger friend groups with fewer
emotional demands or disclosures, less support-seeking, and greater sanctions
against expressing poor mental health (Cheadle and Goosby 2012; Kornienko
and Santos 2014; Reigeluth and Addis 2015). These norms against disclosure
and support-seeking can make boys less attuned to the local level of friendships
and less subject to effects of friends’ depressive levels. Instead, boys are socialized
to emphasize dominance in friendships, with preferences for highly popular
or high-status friends (Rose and Rudolph 2006; Shin 2017). This attention to
high status and dominance within the entire network suggests that boys may
be attuned to global embeddedness rather than local cohesion. Together, these
patterns suggest girls are more sensitive to effects of local cohesion and to friends’
depressive levels than boys, but global embeddedness likely relates to mental
health regardless of gender.

The Current Study

This study considers how local and global integration are associated with
depressive symptoms in adolescence and how any association varies with teens’
gender and friends’ depression. Though global embeddedness has not yet been
examined in relation to adolescent mental health, prior literature suggests
several relevant expectations. First, local cohesion and global embeddedness are
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expected to have generally beneficial associations with mental health that can
become detrimental if friends are increasingly depressive (Hypothesis 1). Second,
given girls’ socialized attunement to relationships, increased local cohesion and
global embeddedness are expected to predict lower depressive levels for girls, but
greater integration among more depressive friends is expected to increase girls’
depressive levels (Hypothesis 2). As boys emphasize dominance and sanction
emotional disclosure in friendships, local cohesion and friends’ depressive levels
are likely less salient, so that only increased global embeddedness predicts lower
depressive levels for boys (Hypothesis 3).

Data and Methods

The data used here were collected as part of the PROSPER (PROmoting School-
community-university Partnerships to Enhance Resilience) Project. PROSPER
was a randomized controlled trial evaluating a partnership-based delivery system
for evidence-based preventive intervention (Spoth et al. 2004, 2013). This study
uses data from the in-school survey within the larger PROSPER Project. Pencil-
and-paper surveys were administered to students during school starting in the
Fall of sixth grade for two cohorts. These cohorts were in successive calendar
years starting in 2002 and 2003. Subsequent surveys were administered every
spring from grades 6 to 12. Surveyed school districts (7 = 27 participating in
the social network survey) were in semi-rural and rural Pennsylvania and Iowa.
Sampled districts had enrollments ranging from 1,500 to 5,200, and at least
15 percent of students in each district came from low-income families. This
study includes respondents from both the control and treatment groups in the
larger PROSPER Project randomized controlled trial targeting attitudes toward
substance use. As noted in the robustness section, results here do not differ by
treatment condition.

Mental health data were surveyed in the last four waves of high school, when
students were in grades 9-12, with an average response rate of 81 percent. Social
network measures came from a friend nomination question administered at each
wave, where respondents listed the names of up to seven best or close friends in
their grade and school. These nominations were then matched so that survey
responses from students nominated as friends are linked, meaning that network
ties indicate sent or received friendship nominations.

This design provides sociocentric (rather than only egocentric) network mea-
sures that indicate the entire peer network in that grade. This design also provides
self-report data from peers rather than focal adolescents’ perceptions of peer
behavior, eliminating concerns of false consensus bias where teens over-estimate
how similar peers are to themselves (Prinstein and Wang 2005). While these
data are not nationally representative, they provide unusually rich sociocentric
network data, are comparable to nationally representative samples for a variety
of adolescent outcomes, and are well-established in the adolescent networks
literature (Copeland et al. 2019; Ragan et al. 2019, 2014; Siennick and Picon
2019, among others).
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Dependent Variable

The outcome of depressive symptoms is measured with the average of five items
from a popular and well-validated psychological scale. Items assess experiencing
symptoms of depression, such as depressed mood and feelings of worthlessness,
consistent with American Psychiatric Association guidelines (American Psychi-
atric Association 2000). Individuals’ scores are averaged within-wave to create
a continuous measure of depressive symptoms at each wave ranging from 0 to 2
(e = .83), consistent with prior work (Siennick and Picon 2019).

Independent Variables

Local cobesion is measured by ego-network density (based on directed sent and
received ties) at each wave. This measure indicates the proportion of existing
ties divided by the total possible ties in an individual’s ego-network, defined by
sent and received ties (Wasserman and Faust 1994). Density indicates the extent
to which adolescents are embedded in cohesive, tight-knit friend groups where
friends are friends with each other and ego. Youth with 0 friends (» = 1,620
observations in the analytic sample) or one friend (# = 1,060 observations in the
analytic sample) have a density of 0, as they do not have friends who are friends
with each other. Prior work supports using density to measure integration among
close friends (Guan and Kamo 2016; Haynie 2001) and as a local corollary to
global embeddedness (Moody and White 2003).

Global embeddedness is measured as individual structural embeddedness.
This measure captures how deeply nested an individual is within the entire
network (here, a grade in school). This measure assesses structural cohesion to
identify an individual’s deepest cutset level based on undirected ties (Moody and
White 2003). The cutset represents the set of nodes whose removal disconnects
the network, so that identifying minimum cuts indicates the nodes that are
most easily removed from the network (Moody and White 2003). For example,
eliminating the first cutset removes isolates and “pendant” nodes connected to
the network by one tie, then removing the next cutset removes nodes connected
to the remaining network through two ties, and so on. An individual’s cutset
level thus shows how difficult it would be to disconnect that individual from the
network. This measure indicates which individuals are hardest to disconnect,
and thus are the most deeply embedded in the network. Global embeddedness is
assessed at each wave and ranges from 0 to 3, indicating least to most embedded.

Figure 1 shows one example of global embeddedness in one network in this
dataset, with circles (nodes) representing individuals and lines (edges) represent-
ing friendships. The shade of nodes and concentric lines indicate successively
nested sets representing global embeddedness levels.

Correlations between variables are shown in table 1. While correlations of
global embeddedness with control measures of popularity and gregariousness
are high, removing these controls does not change the pattern of results. Tests
for collinearity (variance inflation factor scores, shown in the supplemental
appendix) have values well within acceptable ranges.
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Figure 1. Global embeddedness in an example PROSPER network.

Moderating Variables

Models assess moderation by gender and friends’ mental health. Gender is a
time-invariant variable measured dichotomously as male (male = 1, female = 0).
Friend depression measures the depressive symptoms (with the same measure as
the dependent variable) averaged for an individuals’ sent- and received-tie ego-
network alters at each wave. Including this variable enables examining associ-
ations of integration and depressive symptoms net of friends’ depressive levels
and testing the moderating effect of friends’ depression on these associations.
Including this measure also adjusts for network autocorrelation, or the tendency
of friends to have similar depressive levels. Individuals with 0 friends have a 0
for this measure (and results are consistent if these individuals are treated as
missing).

Control Variables

Several variables adjust for known factors related to depressive symptoms and
networks. Eligibility for free or reduced-price lunch, an indicator of a family
income below 150 percent of the federal poverty level, is measured at each wave
as a dichotomous approximation for low socioeconomic status (Low SES). Other
time-varying control variables assessed at each wave include a dummy variable
for biological parents indicating if respondents live with both biological parents,
and school adjustment, which measures individuals’ feelings toward the school
environment (items listed in the supplemental appendix). Because depressive
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symptoms and the importance of peers likely vary as adolescents age (Prinstein
and Giletta 2014), a dummy variable is included for each grade (which, given
survey design, is collinear with survey wave).

Other network measures were used as time-varying controls assessed at
each wave to further isolate any association of global embeddedness and local
cohesion with depressive symptoms. Popularity is measured by in-degree, the
number of friendship nominations a respondent receives. Gregariousness is
out-degree, the number of nominations a respondent sends. Including these
measures means that any association of depressive symptoms with local cohesion
and global embeddedness is measured net of individuals’ number of friendship
ties. Oui-of-grade friends is a count variable of the number of close friends
respondents claim outside of their grade or school to adjust for adolescents
spending social energy outside of the observed network. While some youth claim
high numbers of out-of-grade friends, this is not unusual when friendships are
elicited as a count rather than naming specific individuals that are then matched
within a setting. As models assess within-person change, other time-invariant
controls, such as race/ethnicity or intervention treatment condition, are already
accounted for within the model and do not require separate control measures.

Analytic Plan

The final analytic sample excludes respondents who repeat a grade during
observed years (m = 24), as they appear twice in the same wave. The total
remaining sample is 34,888 person-waves. Given the lack of validated imputa-
tion methods for sociocentric network measures and the robustness of network
measures to missingness (Smith, Moody, and Morgan 2017), analyses use listwise
deletion. Less than 1 percent of cases are missing on the dependent variable,
meaning listwise deletion mostly removes cases missing on predictor variables,
a case in which analytic models are generally robust (Allison 2002). The final
analytic sample after listwise deletion is 27,091 person-waves representing
11,418 individuals. This sample represents 5,969 girls and 5,449 boys across
the four waves.

The analytic sample also does not look substantially different from deleted
cases on key measures. Average depressive symptoms are .27 in both deleted
and complete cases, not significantly different in two-tailed #-tests. Differences
for both local cohesion and global embeddedness are significant (two-tailed
t-test), but small in magnitude. Average local cohesion is .18 versus .21, and
average global embeddedness 1.7 and 1.9 for deleted versus complete cases,
respectively. These differences suggest that less integrated youth may be more
likely to have greater missingness, perhaps from leaving surveys incomplete or
school absence. However, differences are small in comparison to the standard
deviation for each measure, and local cohesion and global embeddedness are
not correlated with missingness on the dependent variable. Analyses reducing
missingness by removing control variables with the highest missing values (Low
SES, School Adjustment, Out-of-grade friends) also show the same pattern,
suggesting listwise deletion does not drive results.



Embedded Distress | 1407

Analyses use ordinary least squares (OLS) regression with individual-level
fixed effects. Robust standard errors are used to adjust for heteroscedasticity
and provide more conservative estimates of significance. Analyses estimate the
change in the dependent variable in response to the change in the independent
variables within individuals. This means coefficients for integration measures
indicate the change in depressive symptoms associated with increased integra-
tion. Essentially, values for each respondent are de-meaned from their personal
mean over time on a given measure to adjust for effects of any unobserved time-
invariant individual characteristics (Allison 2009). Because fixed-effects models
adjust for all time-invariant individual characteristics, the association between
integration and depressive symptoms is measured net of individual or contextual
heterogeneity.

Adjusting for unobserved endogeneity in this way is particularly important
when examining these research questions because many unobserved factors
could affect both mental health and integration. Examining within-person
change rather than between-person differences avoids wrongly attributing effects
of unobserved individual heterogeneity to effects of integration. Analyses func-
tionally adjust for individuals’ average depressive symptoms and average level of
integration over time to net out between-person differences in mental health and
integration. As such, fixed-effects provide a strict and conservative assessment
of hypotheses. Results of the Hausman test support the use of fixed rather than
random effects, and Wald tests support including the grade variable indicating
time fixed effects (Allison 2009). Analyses were conducted in Stata 15 (StataCorp
2017).

Analyses do not used lagged variables because lagged models provide sys-
tematically biased estimates in conjunction with fixed-effects or when there is
high serial correlation and endogeneity (Achen 2000; Vaisey and Miles 2017).
Testing lagged models shows that they result in significant data loss (over 10,000
cases dropped) and have worse model fit than models shown here (indicated by
an AIC and lower R? for lagged independent variable analyses when compared
in the same sample). Lagged models also show substantively the same results
as current models. Similarly, stochastic actor-oriented models (SAOM’s) are not
appropriate here. Global embeddedness as examined in this study is currently
not implemented in an SAOM, and recent work also suggests that SAOM’s do
not provide better assessments of network effects compared to well-specified
regression models (Ragan et al. 2019), making the current modeling strategy
best for this study.

Model 1 shows the association of depressive symptoms with local cohesion
and global embeddedness, net of control measures. Model 2 interacts friends’
depressive symptoms with local and global measures to test for moderation by
friends’ mental health. Model 3 tests for gender moderation of local cohesion
and global embeddedness, then Model 4 interacts gender with friend depression.
Separate analyses for girls and boys are then shown in Models 5 and 6.
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Results

Descriptive statistics for the analytic sample are shown in table 2. Key measures
show typical values for adolescents. Average local cohesion is .21, suggesting
that roughly 20 percent of possible ego-network connections are observed.
Average global embeddedness is just under 2 out of 5, indicating that most
teens have a medium level of embeddedness in the overall network, but the
range and standard deviation show some are deeply nested in the core of
the network (at higher embeddedness levels) while others are on the network
periphery (lower embeddedness). These statistics for local cohesion and global
embeddedness align with values in nationally representative samples (Falci and
McNeely 2009; Moody and White 2003). As expected, girls have significantly
higher average depressive levels (.35 versus .18 for boys, two-sample i-test
significant at p < .001) and higher average friends’ depressive levels compared to
boys (.42 versus .25, two-sample ¢-test significant at p < .001). This prevalence
of depressive symptoms falls within the typical range for adolescents (Hankin
2006).

Model 1 in table 3 shows associations of local cohesion and global embedded-
ness with depressive symptoms after adjusting for control measures and time-
invariant individual characteristics controlled by the fixed-effects model (e.g.,
race or gender). Increases in friend depression, popularity, and the number of
out-of-grade friends are associated with increased depressive symptoms. Living
with both biological parents and increased school adjustment are associated with
decreased depressive symptoms. Depressive symptoms decrease over time, with
Grades 11 and 12 predicting significantly lower levels of depressive symptoms
compared to Grade 9. In Model 1, local cohesion and global embeddedness do
not significantly predict depressive symptoms.

Model 2 adds interactions between each type of integration and friend
depression. Here, the conditional effect of global embeddedness is negatively
associated with depressive symptoms. However, when friends report increased
depressive symptoms, greater global embeddedness predicts increased depressive
levels, consistent with Hypothesis 1. For local cohesion, the conditional effect
is non-significant, but when friends’ depressive levels increase, greater local
cohesion predicts decreased depressive symptoms. Local cohesion is moder-
ated by increased friend depression, but not in the direction expected by
Hypothesis 1.

Model 3 examines whether integration predicts depressive symptoms dif-
ferently by gender. Gender differences are significant for both local cohesion
and global embeddedness. Here, increased local cohesion predicts reduced
depressive symptoms for girls and increased symptoms for boys, while greater
global embeddedness predicts increased depressive levels for girls and reduced
symptoms for boys. However, how the integration measures relate to depres-
sive symptoms changes once moderation by friend depression is considered.
Model 4 indicates that friend depression also differs by gender. An increase in
average friend depression predicts increased depressive symptoms for girls, but
significantly less so for boys.
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Table 2. Descriptive Statistics in PROSPER Sample

Mean or (SD) Min. Max.

Proportion
Local cohesion 21 (.22) 0 1
Global embeddedness 1.9 (1.11) 0
Depressive symptoms 27 (.43) 0
Female sub-sample .35 (.46)
Male sub-sample .18 (.37)
Friend depression .34 (.27) 0 2
Female sub-sample 42 (.27)
Male sub-sample 25 (.24)
Male 46% — 0 1
Low SES 21% — 0 1
Biological parents 61% — 0 1
School adjustment 3.62 (.70) 1 5
Popularity 3.11 (2.39) 0 18
Gregariousness 3.21 (2.14) 0 7
Out-of-grade friends 10.45 (6.36) 0 >20
Total observations 27,091
Grade 9 7,772
Grade 10 7,627
Grade 11 6,013
Grade 12 5,679
Total Individuals 11,418

Models 5 and 6 show separate models by gender (table 4). For girls (Model
5), results mirror those from Model 2: local cohesion reduces the extent to which
increased friend depression increases individuals’ depressive levels, shown in
figure 2. For girls with greater friend depression (set at one standard deviation
greater than the mean), increased local cohesion essentially buffers the effects
of friends’ depressive symptoms. Put differently, non-cohesive groups of more
depressive friends predict increased depressive symptoms for girls. Although
local cohesion is significantly moderated by friend depression, it is not in the
expected direction of Hypothesis 2.

In contrast, greater global embeddedness predicts increased depressive levels
when friend depression increases, and otherwise increased global embeddedness
predicts decreased depressive levels. Figure 3 demonstrates this interaction for
girls. Results for girls’ global embeddedness are consistent with Hypothesis
2. Thus, for girls with more depressive friends, the ideal integrative position
is maximum local cohesion and minimum global embeddedness, meaning a
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Table 4. Fixed-effect Regression Results for Depressive Symptoms on Social Integration in
PROSPER Sample, by Gender

MS Female (SE) M6 Male (SE)
Local cohesion 0.034 (0.03) 0.020 (0.03)
Global embeddedness —0.023** (0.01) -0.016* (0.01)
Local cohesion x Friend —0.144* (0.06) 0.025 (0.09)
depression
Global embeddedness x Friend 0.054*** (0.01) 0.038 (0.02)
depression
Friend depression 0.057* (0.03) 0.011 (0.04)
Popularity 0.002 (0.00) 0.004 (0.00)
Gregariousness —0.000 (0.00) —0.007** (0.00)
Low SES —0.017 (0.02) 0.011 (0.02)
Biological parents —0.036 (0.03) —0.065* (0.03)
School adjustment —0.140** (0.01) —0.095** (0.01)
Grade (Grade 9 Baseline)
Grade 10 —0.013 (0.01) 0.020* (0.01)
Grade 11 —0.038*** (0.01) 0.016 (0.01)
Grade 12 —0.072%** (0.01) 0.006 (0.01)
Out-of-grade friends 0.001 (0.00) 0.002* (0.00)
Intercept 0.895%* (0.05) 0.530%** (0.05)
R 2 (Overall) 0.129 0.070
AIC —965.3 —3,499.0
BIC —859.0 —3,395.1
Observations 14,709 12,382
Individuals 5,969 5,449

*p < .05. **p < .01. **p < .001.

cohesive friend group that is not deeply embedded in the overall network.
While the magnitude of each association is modest, girls are simultaneously
experiencing local cohesion, global embeddedness, and friend depression, so that
effects may compound for more substantial associations with mental health.
Similarly, effects across the range of friend depression and integration positions
shows that girls with more extreme social experiences may face substantial risks
or benefits of mental health.

For boys in Model 6 (comparable figures for boys shown in the appendix fig-
ure S2), increased friend depression and local cohesion do not predict boys’ own
depressive levels. Although modest in magnitude, greater global embeddedness
is associated with decreased depressive levels. This effect does not depend on
friend depression for boys, consistent with Hypothesis 3.


https://academic.oup.com/sf/article-lookup/doi/10.1093/sf/soac034#supplementary-data
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Figure 2. Predicted depressive symptoms by local cohesion and friend depression in PROSPER
sample, girls only.
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Figure 3. Predicted depressive symptoms by global embeddedness and friend depression in
PROSPER sample, girls only.
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Results are robust to several other specifications. Modeling a log of depressive
symptoms shows the same pattern of results. Results of Poisson models with a
count dependent variable (shown in the appendix) have a few minor differences
from models shown here: in Model 2, local cohesion and friend depression
significantly predict depressive levels, but the overall association between local
cohesion and friend depression with depressive levels remains the same. The
interaction between male and friend depression is nonsignificant in Model 4, but
friend depression continues to be significant for girls and nonsignificant for boys
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in separate gender models, and the interaction between global embeddedness
and friend depression is also significant for boys in Model 6. Compared to
Poisson models, those shown here provide the least sample loss and the most
conservative results. Results after removing outliers or network isolates are
consistent with those shown here, with one exception: after removing network
isolates, global embeddedness no longer significantly predicts boys’ depressive
symptoms, discussed further below. Being in the treatment or control condition
of the larger PROSPER substance use intervention is nonsignificant and does not
substantively change results.

Discussion

Social integration in networks can positively and negatively affect well-being
(Falci and McNeely 2009; Granovetter 1985; Moody and White 2003). Indi-
viduals are simultaneously embedded in multiple levels of network structure,
experiencing both local cohesion among close friends and global embeddedness
in the overall network. Moreover, both network structure and context relate
to health, so that characteristics such as gender and friends’ mental health
may moderate any associations between integration and mental health. This
study combines these key elements of teen peer networks to examine local
and global integration predicting depressive symptoms, moderated by gender
and friend depression. Results clarify the conditions under which integration
relates to mental health. Results examining within-person change show that
structural integration is indeed multi-dimensional, as local cohesion and global
embeddedness relate differently to depressive symptoms in ways that vary with
gender and friends’ depression.

Results for global embeddedness indicate that increased embeddedness in
the network generally relates to decreased depressive levels, consistent with
Hypothesis 1. This result is net of popularity (being named as a friend),
gregariousness (naming more friends), and school adjustment. Teens’ structural
embeddedness matters for mental health, separate from number of friends or
feelings toward school. Global embeddedness may provide status, belongingness,
or increased investment in the school context that reduces depressive levels. This
result supports structural approaches to understanding social relations, adding
global embeddedness to examinations of centrality, dyads, or perceptions of
relations. This finding aligns with prior work emphasizing benefits of structural
embeddedness (Moody and White 2003) and extends theories of embeddedness
(Granovetter 1985) to teen mental health. This result also supports theories
of the broader school peer context, beyond direct ties, as a key environment
affecting teens’ well-being (Coleman 1961; Guan and Kamo 2016; Lee and Lee
2020).

These benefits of increased global embeddedness persist for boys in final
models. Notably, robustness checks show that this benefit for boys is no longer
statistically significant if isolated youth with zero ties are removed from the
sample. This non-significance may suggest that the greatest risk for boys is
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isolation, or this pattern may stem from lower statistical power after removing
cases, as future research should investigate.

For girls, however, effects of global embeddedness are contingent on friends’
mental health: greater embeddedness generally predicts lower depressive levels
but when friend depression increases, deeper global embeddedness predicts
increased depressive symptoms, consistent with Hypothesis 2. This finding aligns
with prior studies finding that high peer status can harm girls’ mental health
(Kamis and Copeland 2020; Kornienko and Santos 2014). For example, being
more deeply nested in the network may increase scrutiny or pressure to main-
tain status, which may become stressful for girls with increasingly depressive
friends. As girls are more attentive to wider peer perceptions, occupying a
more visible position may become more stressful when friends are exhibiting
stigmatized depressive symptoms. Alternatively, deeply embedded girls might
be more invested in the social context in general so that their mental health is
more sensitive to negative experiences of more depressive friends. This study
does not test mechanisms and cannot adjudicate between such explanations.
This result presents an interesting area for further inquiry across network
levels, as the mental health status of ego-network friends moderates associations
between mental health and girls’ embeddedness in the overall network. Future
work should examine the exact mechanisms that link friends’ depression, global
embeddedness, and girls’ depressive levels, and should consider if such patterns
extend to boys, as interactions between global embeddedness and friends’
depression were significant for boys in sensitivity analyses using Poisson.

Results for local cohesion show a different pattern. In final models, local
cohesion is unrelated to depressive symptoms for boys, as expected (Hypothesis
3). Girls’ local cohesion predicts depressive symptoms only when friends are
experiencing more depressive symptoms. Increasingly depressive friends predict
greater symptoms for girls, but less so when in cohesive friend groups. Put
differently, local non-integration predicts worse mental health for girls with more
depressive friends. This result for girls does not support Hypotheses 1 and 2,
as local cohesion is only significant when friends are more depressive, and not
in the expected direction. While unexpected, this pattern is not implausible:
increasingly depressive friends may spur conflict, demands for support, or co-
rumination in ways that are stressful among disconnected friends, but better
managed in cohesive groups. This finding suggests that local cohesion can buffer
greater peer depression for girls, aligning with prior work finding that friends’
distress (Rose and Rudolph 2006) and structures of local integration (Bearman
and Moody 2004; Falci and McNeely 2009) affect girls’ mental health.

Results indicate gender differences in how networks and friends’ depression
relate to teens’ mental health. Unlike global embeddedness, local cohesion
and friend depression do not significantly affect boys’ depressive symptoms.
These results are consistent with expectations of boys seeking dominant, high-
status positions among peers (Shin 2017) and avoiding emotional disclosure or
support-seeking in close friendships (Kornienko and Santos 2014). Girls’ mental
health is affected by relational content (e.g., friend depression) and by structural
patterns that can mitigate risks of depressive friends (e.g., greater local cohesion)
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or intensify them (e.g., greater global embeddedness). These results align with
theories suggesting women are socialized to prioritize others, adopt “tend and
befriend” approaches, and be attentive to their social standing among others
(Rose and Rudolph 2006; Rosenfield, 2012).

While at first glance, the magnitude of effects of local cohesion and global
embeddedness are modest, there are several reasons why patterns here may relate
to substantial impacts on mental health. First, both types of integration and
friends’ depression are experienced simultaneously in ways that may compound
effects. Second, results here also provide insight into a snapshot of what is likely
an unfolding process across adolescence so that effects may compound over time
for more substantial effects on mental health. Third, the effects across the range
of integration measures and friends’ depression indicate that potential effects can
be substantial, especially for some young women with more depressive friends.
Together, results provide theoretical and empirical insight into wider processes
of how different levels of network integration and relational context may relate
to teen mental health.

While this analysis examines teens, three main research implications apply
beyond adolescence. First, treating integration as a monolithically beneficial
concept overlooks important variation in how levels of network structure relate
to health. Examining local and global structures jointly but separately clarifies
how distinct, simultaneously experienced positions relate to well-being. For
example, considering only close ties or overall network position fails to account
for the interplay between close friends’ mental health and position in the wider
network for girls. This study demonstrates the importance of conceptualizing
multiple levels of networks in which individuals are embedded that can have
different structural characteristics and distinct consequences for health (Brailly
et al. 2016; Pescosolido 2015; Pescosolido et al. 2016).

Second, results here echo calls to recognize the importance of jointly examin-
ing integration and contextually salient characteristics (e.g., Pescosolido 2006).
Examining both structural and contextual features of networks indicates the
contingent importance of both for mental health. Here, gender and friends’
depression shape effects of network structure, and future work should consider
how other characteristics may moderate social integration.

Third, researchers must also recognize gender differences in how network
structures and mental health contexts relate to well-being. Associations may be
misconstrued if separate patterns by gender are not considered. For example, in
the full sample (Model 2), it appears that friend depression moderates integration
for all youth, but after separating by gender, this pattern is largely irrelevant for
boys. While further investigation is needed into exact mechanisms, especially
those linking friends’ mental health and global network position, gendered
processes clearly shape how integration affects well-being.

Some limitations in this study suggest areas for future research. This survey
does not assess diagnoses or medications, and youth receiving treatment may
not appear depressive. Future work should consider the impact of networks on
depression diagnosis, treatment, or medication. Network measures are restricted
to friendships within the in-grade network survey boundary and capture one
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annual snapshot of friendships. Youth who appear relatively unintegrated here
may be more integrated in non-school social environments. Such a pattern makes
results here conservative if youth that appear less integrated are really integrated
elsewhere, where they also might encounter exposure to friends’ depression. The
survey includes adolescents in Iowa and Pennsylvania, which may not gener-
alize to all teens. Future research should consider more diverse, representative
samples. Despite adjusting for unobserved endogeneity through fixed-effects,
analyses do not fully establish causality or track depressive trajectories. Future
research should examine mechanisms, particularly those that link contextual
features of close friendships and overall network position. Another key area
for research is how these processes unfold over time to distinguish causal,
co-evolving effects of local cohesion, global embeddedness, and mental health.

Results suggest that practitioners might consider how social integration
among school peers can relate to mental health for youth. Girls with more
depressive friends who are deeply embedded in the overall school or in non-
cohesive friend groups may appear more socially connected than the typical
profile of at-risk youth, but still face significant risks to mental health from
their social position. Practitioners should additionally consider how global
embeddedness can provide a beneficial resource for mental health, particularly
for boys.

This work disentangles how distinct levels of network structure, in conjunc-
tion with gender and friends’ mental health, relate to adolescent depressive
symptoms. Results show the importance of peer relationships for teen mental
health and the need to consider contextual features that shape how social
networks relate to health. This study advances research on social networks,
gender, and mental health to inform our understanding of social integration
related to well-being.

Notes

1. Granovetter (1992) calls these levels “relational” and “structural”, but as
these terms are now more often used to distinguish tie content from tie
structure, I use the terms local and global.

2. Associations between integration and mental health could also indicate
depressive levels affecting networks. Depressive symptoms may reduce
induce withdrawal or avoidance (Schaefer, Kornienko, and Fox 2011), or
stigma may reduce depressive teens’ integration (Siennick and Picon 2019).
Examining associations of local and global dimensions of integration with
depressive levels provides a next step in clarifying how integration relates
to mental health, which can then be extended to consider how processes
co-evolve.

Supplementary Material

Supplementary material is available at Social Forces online, http:/sf.oxfordjou
rnals.org/.
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