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Abstract

Research shows consistently that social ties are important for longevity, and they
may be particularly important during adolescence. An absence of social ties, or
social isolation, during adolescence may adversely affect long-term health and
wellbeing. While prior research has examined associations between isolation from
friends and long-term health, and having no siblings and mortality, no study (of
which we are aware) considers jointly both the role of having no friends and no
siblings, nor more generally with whom adolescents spend time, and the risk of
premature mortality. This paper extends the literature by drawing on data from the
Stockholm Birth Cohort Study to examine the association between different types
of social isolation during adolescence (i.e., an absence of friends, siblings, and time
with other adolescents) and the risk of premature mortality by midlife. Results sug-
gest that having no siblings, being unliked at school, and spending (mostly) no time
with other adolescents, increases the risk of premature mortality. The association
between being unliked and premature mortality was attenuated by demographic and
adolescent characteristics. Consistent with our expectations, net of a robust set of
covariates, adolescents who had no siblings and mostly spent no time with other
adolescents (i.e., isolates) were the group most vulnerable to premature mortality by
midlife. However, this was only true for females.
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Introduction

Social relationships are among the most important predictors of longevity. Decades
of cross-disciplinary research has explored how social connections affect health out-
comes across the life course (e.g., House et al. 1988; Umberson et al. 2010; Yang
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et al. 2016). During adolescence, ties between siblings and friends lie at the core
of social interaction, and isolation from siblings and/or friends may have long-term
negative consequences. Indeed, research suggests that different types of adolescent
social isolation have both short-term consequences such as alcohol and drug use, and
long-term consequences such as cardiovascular disease (e.g., Copeland et al. 2018;
Caspi et al. 2006). Adolescents who have no siblings and who are unliked by, or
disengaged from, peers at school may struggle with common problems that emerge
during childhood (e.g., issues with parents, teachers, or school kids) as social sup-
port from these relationships tends to be protective (e.g., Hall-Lande et al. 2007). An
absence of siblings and friends during adolescence may be a difficult social position
that has long-term health consequences.

Research consistently shows that having someone to talk or turn to during times
of need is important in adulthood (e.g., Shor et al. 2013) and may be particularly
important during childhood and adolescence (Levitt et al. 1993; Rueger et al. 2016).
Indeed, connections during adolescence potentially shape short- and long-term well-
being. Whether at school, at home, or both, social isolation may increase behavioral,
mental health, and physical health problems as adolescents age (Kreager 2004; Hall-
Lande et al. 2007; Yang et al. 2016), including the risk of mortality (Baranowska-
Rataj et al. 2017). While research shows a strong association between adult social
isolation and mortality (Berkman and Syme 1979; House 2001; Holt-Lunstad et al.
2015), less is known about adolescent social isolation and premature mortality; and,
no study (of which we are aware) has jointly considered adolescent friends and sib-
lings. Consideration of one but not the other may over- or underestimate the health
consequences of adolescent social isolation.

The current study extends the literature by jointly considering multiple types
of adolescent social isolation, including having no siblings, and long-term health
consequences. Specifically, we use data from the Stockholm Birth Cohort Study
(N=11,618) and Cox proportional hazard models to examine three questions. First,
does adolescent social isolation increase the risk of premature mortality? Second,
does the risk of premature mortality differ by the type of adolescent social isolation?
Third, given well-known sex differences in all-cause mortality (Case and Paxson
2005; Oksuzyan et al. 2010), does the association between adolescent social isola-
tion and premature mortality differ for females and males?

Conceptual background and empirical research

Over a century ago, Durkheim argued that social connectivity plays a prominent role
in one’s health (Durkheim 1951). His research showed that the level of connection
between an individual and their surrounding social milieu is associated with suicide.
Since Durkheim’s seminal publication, research has underscored the importance of
social ties for health (e.g., House et al. 1988; Cohen 2004; Umberson et al. 2010;
Yang et al. 2016). Indeed, a large body of research explores both the benefits of
social ties and the risks of social isolation. Benefits include, for example, protec-
tion from stress-related illnesses (e.g., Cohen and Wills 1985; Cohen and Pressman
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2004; Thoits 2010), and risks include health problems like inflammation and hyper-
tension (Yang et al. 2016).

To understand better the link between adolescent isolation and premature mortal-
ity, it is necessary to consider social conditions and adjustments over the life course.
The social convoy model (Kahn and Antonucci 1980; Levitt et al. 1993) does so,
positing that a “person can be thought of as moving through the life cycle surrounded
by a set of other people to whom he or she is related by the giving or receiving of
social support” (Kahn and Antonucci 1980: 269). The social convoy captures ties
and the dyadic relationships within which support is exchanged throughout one’s
life. Adolescence is a particularly important part of the social convoy to observe in
reference to long-term health. Independence from parents and a need for peer-level
relationships increase significantly during adolescence (e.g., Laursen 1996; Buhrm-
ester 1996; Hall-Lande et al. 2007), and an absence of these ties may have endur-
ing consequences. Adolescents confront hormonal, biological, and social challenges
(see Crosnoe and Johnson 2011 for review), and siblings and friends likely provide
support that parents cannot. Siblings and friends may relate better to one another’s
challenges (e.g., Hall-Lande et al. 2007), for example, with academic (e.g., grades)
and social (e.g., boyfriends/girlfriends) issues.

Consequently, the social convoy for adolescents includes networks of siblings
and/or friends with whom support often is exchanged (e.g., Levitt et al. 1993; Cros-
noe and Johnson 2011). Siblings and friends may buffer against negative outcomes
associated with the difficulties of growing up. Indeed, the stress buffering hypoth-
esis posits that social support “eliminates or reduces effects of stressful experiences
by promoting less threatening interpretations of adverse events and effective coping
strategies” (Cohen 2004: 677). Isolated adolescents may not have access to such a
buffer.

Adolescent ties, health, and mortality

The association between social relationships and health is persistent (e.g., House
et al. 1988; Umberson et al. 2010; Yang et al. 2016). While no study (of which we
are aware) has examined the association between adolescent isolation in terms of
both friends and siblings and mortality, some studies have examined either friend-
ships (e.g., Osterberg and Modin 2008; Almquist 2011) or sibship size (e.g., Hart
and Smith 2003; Baranowska-Rataj et al. 2017) and long-term health and mortality.
Focusing first on siblings, sibship size is typically associated positively with mortal-
ity and explained partially by resource dilution (e.g., Blake 1981)—parents’ time
and money are divided across children (e.g., less help with homework, monitoring,
educational expenses). Such parental investment may pay off as research suggests
that only-children (versus children with siblings) have an education advantage; and
education tends to protect against mortality (e.g., Batty et al. 2009; Falbo and Polit
1986). Moreover, while Downey and Condron (2004) find that preschool children
with siblings have better social skills compared to only-children, later findings sug-
gest that only-childrens’ social deficits disappear by adolescence (Bobbitt-Zeher and
Downey 2012).
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Despite educational advantages and the development of social skills, from a
life course perspective, only-children may find it difficult to cope with social,
economic, and health challenges as they age (e.g., divorce, unemployment, dis-
ease onset). Indeed, family members are sources of social support (Seeman 2000;
Roslita et al. 2012) and siblings may be particularly important as these tend to be
life-long relationships (Knipscheer and Van Tilburg 2013). While rivalries may
characterise childhood sibling relationships, those who have no siblings may feel
isolated at home. Research shows that sibling relationships ebb and flow over
the life course, but siblings become increasingly important with age (e.g., White
2001; Guilley et al. 2005). Research further shows that only-children versus those
with siblings have a higher risk of mortality (Baranowska-Rataj et al. 2017). Any
disadvantages that come from having no siblings may be exacerbated for adoles-
cents who have no friends or who spend no time with other adolescents.

A sense of belonging during adolescence is particularly important, and the lit-
erature suggests strongly that those who are isolated from friends are at risk of
emotional and psychological problems and health risk behaviours. Copeland et al.
(2018) argue that to understand better the effects of social isolation on health risk
behaviours, it is important to examine the type of isolation experienced by ado-
lescents. For example, the risks of alcohol and drug use may differ for those who
retreat or disengage (i.e., nominate no classmates as a friend) from their school
peers compared to those who are unliked (i.e., receive no friendship nomination
from classmates) or who are outsiders (i.e., maintain friendships outside of their
school). Indeed, their findings suggest that the type of isolation matters for health
risk behaviours—disengaged outsiders were the highest risk group for substance
use.

Studies have further found that low peer status (i.e., based on nominations from
classmates) is negatively associated with health (e.g., Osterberg and Modin 2008;
Almquist 2011). Using data from the Aberdeen Child Development Survey, for
example, Almquist (2011) finds that, between ages 7 and 11, females with two or
fewer childhood friends and males with no friends report poorer health compared to
males and females with three or more friends. Mental health patterns are similar, for
example, more isolated versus integrated adolescents suffer from depression, suicide
attempts, and low self-esteem (Hall-Lande et al. 2007). In addition, studies show
that few adolescent friendships decrease health-related quality of life, and increase
health care expenses in early adulthood (Mundt and Zakletskaia 2014), the onset
of disease such as metabolic syndrome (Gustafsson et al. 2012), and risky health
behaviours as adults (Almquist and Ostberg 2012).

Data from the Stockholm Birth Cohort Study suggest that adolescents who are
viewed by peers as undesirable workmates (i.e., unliked) are more likely to smoke in
adulthood (Almquist and Ostberg 2012), which increases the risk of life-threatening
diseases such as heart disease, cancer, and among others, death (U.S. Department
of Health and Human Services 2004). Almquist and Ostberg rightly note that peer
nominations may be due to academic performance rather than adolescent social inte-
gration. Thus, the association between no peer nominations and smoking is likely to
be indirect, but the health consequences far-reaching. The risks of premature mortal-
ity associated with different types of friendship isolation (e.g., unliked, disengaged)
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may be exacerbated among adolescents who also have no siblings and subsequently
negatively affect one’s social convoy and risk of premature death.

Sex differences

Research consistently shows that life expectancy differs by sex—on average women
live longer than men (e.g., Case and Paxson 2005) and this is true across Western
and other countries (e.g., Oksuzyan et al. 2010). Research also suggests that the con-
sequences of adolescent social isolation varies by sex. For example, Bearman and
Moody (2004) find salient differences in the association between social isolation
and mental health problems among adolescent girls and boys. Isolated adolescent
girls, but not boys, were more likely to have suicidal thoughts. Osterberg and Modin
(2008) further found key sex differences in the association between peer status in
school (i.e., a gradient from marginalisation to popular) and self-reported health
over the life course. Using data from the Aberdeen Cohort Study, they found that
while peer status in school was directly associated with health for girls, the asso-
ciation was indirect and operated through adult socioeconomic status for boys. The
patterns of association between social isolation and adolescent substance use also
varied for girls and boys (Copeland et al. 2018). Taken together, studies underscore
the importance of sex differences in health-related outcomes associated with social
isolation during adolescence.

Other demographic, adolescent, and early adulthood characteristics

Demographic characteristics and early life conditions First, children with lower
birthweight (Kari et al. 2011) and children born to younger mothers may experience
early life conditions that affect child development and adult health (e.g., Fursten-
berg et al. 1990). Next, lower versus higher socioeconomic groups are more likely
to experience health problems, engage in risky health behaviours, and subsequently
live shorter lives (Galobardes et al. 2004; Elo et al. 2014, C)stergren 2017). Next,
parental divorce may affect both sibship size and friendship networks, and research
suggests that parental divorce is associated with poorer health among adult chil-
dren (e.g., Thomas and Hognids 2015). Moreover, parents who struggle with mental
health problems may choose not to have more than one child, and parental mental
health problems may be transmitted across generations (e.g., Gladstone et al. 2006),
increasing the risk of premature mortality. In addition, parental health behaviours,
and alcohol problems in particular, are associated positively with children’s mental
health problems and adult children’s mental illness, drug use, and premature mortal-
ity (e.g., Christoffersen and Soothill 2003; Balsa et al. 2009).

Adolescent characteristics Next, school performance may be particularly impor-
tant as it may be related to social isolation, educational attainment, and health and
mortality (Crosnoe and Johnson 2011; Baranowska-Rataj et al. 2016). Also, it is
important to adjust for behavioural problems as siblings and/or friends may serve
as either a means of social control or conduits to truancy, for example. Both delin-
quency in peer networks and social isolation are associated with delinquent behav-
ior (e.g., Kreager 2004; Haynie and Osgood 2005), and truancy in particular is
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associated with health risk behaviours in adulthood (e.g., Rocque et al. 2017). In
addition, adolescent mental health is important as research suggests that it is likely
to be associated with a range of negative outcomes, including mental and physical
health problems in adulthood (e.g., Patel et al. 2007).

Early adulthood characteristics Ties to siblings and/or friends during teen years
may influence educational decisions (e.g., Rosenqvist 2018) like attending a univer-
sity. Research shows that, net of income, higher versus lower educated groups tend
to live longer (e.g., Elo and Preston 1996). Moreover, there may be health advan-
tages to long-term romantic unions. Indeed, meta-analyses and meta-regressions
show that, compared to the continuously married, the risk of mortality increases for
those who never marry, divorce, and lose a spouse to death (Roelfs et al. 2011; Shor
et al. 2012a, b).

The current study

The current study extends the literature by examining the association between dif-
ferent types of social isolation (i.e., unliked or disengaged at school, no siblings, and
mostly no time with other adolescents) during adolescence and premature death by
midlife. Our study bridges two lines of empirical research that have separately con-
sidered the significance of siblings and friends in long-term health outcomes (e.g.,
Baranowska-Rataj et al. 2017; Yang et al. 2016). We argue that an examination of
the consequences of being an only child without consideration of whether or not one
has friends at school and vice versa, particularly during adolescence, is an important
omission in the literature. Intuitively, adolescents who have siblings at home and
friends at school are in better positions in terms of their social convoy, and thus are
likely to have access to social support that may buffer against adverse health out-
comes. Conversely, those who are isolates, i.e., who spend mostly no time with other
adolescents, may be particularly vulnerable to short- and long-term adverse health
outcomes (Caspi et al. 2006; Yang et al. 2016). Therefore, we expect to find—net of
covariates—a positive association between social isolation and premature mortality.
Given prior research (e.g., Bearman and Moody 2004), we further expect the asso-
ciation between social isolation and premature mortality to vary by sex.

Methods
Data

We use data from the Stockholm Birth Cohort Study (SBC) to examine the asso-
ciation between adolescent social isolation and premature mortality by midlife. The
SBC was compiled in 2004 and 2005 using probability matching of two longitudi-
nal data sources. The original data source was the Stockholm Metropolitan Study
(SMS), which began collecting data on all 10-year olds and their families who lived
in the Stockholm area in 1963 (N=15,117). The SMS continued through 1985,
and its purpose was to study stratification and mobility processes prospectively.
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Using probability matching techniques, the SMS (which included N=14,950 living
respondents by 1980) was subsequently merged with the Swedish Work and Mor-
tality Database 1980-2009 (WMD), forming the SBC. Ninety-six percent of SMS
participants were identified, and data were obtained about cohort members’ lives
through 2009, resulting in a sample size N=14,294 (see Stenberg et al. 2007 for
more details).

Data from the SBC were appropriate for the current study because information
about siblings, friends, and death was available between birth and midlife. The SBC
allowed us to examine the association between adolescent social isolation and pre-
mature mortality, while adjusting for a robust set of covariates. As is the case with
all observational studies, there were items missing on variables, including independ-
ent and dependent variables. Missing items on covariates was generally less than
20%, so we retained more cohort members in our sample by using multiple impu-
tation techniques (the ice command in Stata) to replace missing values for covari-
ates. We only included observed cases for independent and dependent variables in
all analyses. This approach resulted in an analytic sample of N=11,618 (n=5875
females; and n=5743 males).

Dependent variable

The dependent variable is all-cause premature mortality (e.g., not specific to a
certain cause) that occurs at or before midlife. We focus on premature mortality
because we had information about deaths through 2009, or by age 56. We censor
cases where cohort members died prior to age 25 as this enabled us to adjust for
education and marital status, measured at age 22. Thus, the premature mortality risk
period is between age 25 and age 56.

Independent variables

The analyses included four primary independent variables used to capture social iso-
lation types (i.e., no siblings, unliked, disengaged, and mostly spends no time with
other adolescents). The first was children who did not have a sibling by the age of
18. A dummy indicator was used to capture adolescents without siblings, where
1 =no siblings and 0=one or more siblings. Our measures of adolescents who were
unliked or disengaged are consistent with prior research (e.g., Copeland et al. 2018),
and are captured using questions included in the school study conducted when
cohort members were age 13. First, adolescents were asked, “Who are your three
best friends in class?”” Being unliked was then measured using a dummy indicator
where 1=zero votes as best friend from classmates and 0=one or more votes as
best friend from classmates. Next, being disengaged was measured using the number
of choices adolescents made in naming best friends in their class, where 1 =named
no best friends and O =named at least one best friend.

For our final isolation type, also part of the school survey, cohort members
were asked, “With whom do you spend most of your time?” Response categories
included mostly with boys, mostly with girls, mostly with a group of boys and
girls, mostly with adults, and I am mostly on my own. Our measure is a dummy
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indicator for which we collapse categories and where, 1 =mostly no time other
adolescents (mostly alone or mostly with adults) and O0=mostly time with other
adolescents (mostly with girls, with boys, or with girls and boys). Factor analyses
showed that being unliked, disengaged, and mostly no time with other adoles-
cents did not load well together for one or more measures. Interitem correlations
ranged from r=.06 to r=.10. The alpha reliability score for all three measures
was .21 and ranged from .11 to .18 for different subsets of measures. Thus, we
treated these as separate measures of adolescent social isolation.

Covariates

We adjusted our models for a robust set of factors from birth through early adult-
hood. First, demographic and early life conditions included a dummy indicator
for cohort members’ sex (i.e., 1 =female; 0=male) given that females versus
males tend to live longer. We included a dummy indicator for whether or not
cohort members had a low birth weight, where 1=Iow birth weight, less than
2500 grams and 0=not low birth weight, more than 2500 grams. Next, children
born to young mothers was captured using a dummy indicator where 1=mother
age 20 or younger at birth and 0 = mother older than age 20 at birth. We included
three measures of socioeconomic status. First, occupational class of the house-
hold at cohort members’ birth was measured using three dummy indicators for
working (reference), middle, or upper class. Dummy indicators for household
level of education were measured at age 7, where either none (reference), one,
or two or more household members completed upper secondary school. Because
fathers were primary household earners in the 1950s and 1960s, fathers’ income
at respondents’ age 10 ranged from 1=1-20 thousand kronor to 6 =more than
100 thousand kronor. We included a dummy indicator for family structure, where
1 =parents lived together at age 10 and 0= parents did not live together at age
10. Parents’ mental health was measured using a dummy indicator where, 1 =one
or more parents had mental health problems and 0 =no parent had mental health
problems; and for alcohol problems where, 1 =one or more parents had alcohol
problems and 0 =no parent had alcohol problems.

Next, we adjusted for several adolescent characteristics. School performance
was measured using school marks during 6th grade, where 1=/lowest school
marks and 7=highest school marks. Truancy was measured using a dummy
indicator, where 1 =missed school but not ill and 0=did not miss school unless
ill. Adolescent mental health was measured using a proxy variable for whether
adolescents worried about the future where, 1 =hardly ever worried to 5= often
worried. Finally, we adjusted for education and marital status by age 22 (prior
to the start of the risk period for premature mortality at age 25). Dummy indi-
cators were included for whether one completed compulsory (reference), upper-
secondary, or post-secondary school. Marital status included dummy indicators
for married (reference), separated, divorced or widowed, and single/not married.
Divorced, separated, and widowed were small groups and thus were collapsed
into one category.
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Analytic approach

Our analyses begin with a description of the full SBC analytic sample also pre-
sented separately by sex. We then estimate Cox proportional hazard models, in
which the numerator is a binary outcome indicating whether the cohort mem-
ber had no siblings, for example, and the denominator is the number of person-
years of exposure to the risk of all-cause premature mortality. Censored cases
included those who died prior to the age of 25, which again, allowed us to adjust
for education and marital status (measured at age 22). Global and detailed post-
estimation tests (based on Schoenfeld residuals) indicate no violation of the pro-
portional hazard assumption. We include three models beginning with a base-
line model estimating the risk of premature mortality by each type of adolescent
social isolation (i.e., no siblings, unliked, disengaged, and spends no time with
other teens). Model 2 adds demographic characteristics, early life conditions and
adolescent characteristics; and Model 3 adds early adulthood characteristics. We
then estimate Cox models with interaction terms for both our full analytic sam-
ple and separately by sex.

Results
Descriptive

We begin with Table 1, which shows the percentages, means, and standard devia-
tions for each isolation type, covariates, and premature mortality for the full analytic
sample and separately for females (51%) and males (49%). Starting with isolation
types for the full sample, 13% had no siblings, 7% were unliked (or were not nomi-
nated as a best friend), 4% were disengaged (or nominated no best friends), and 6%
spent no time with other adolescents. In terms of demographic characteristics and
early life conditions, few were born with low birth weight (3%), and 7% were born to
mothers age 20 or younger. More than three quarters were middle (44%) or working
(39%) class. While the modal group were from middle class families (44%), overall
parental education was low (fewer than 30% had at least one parent with upper sec-
ondary education). Approximately 6% had a parent with mental health problems and
4% had a parent with alcohol problems.

In terms of adolescent characteristics, the average school performance was 4.0
(range=1-7), 30% were truant from school at some point, and the average level
of worries was 2.1 (range=1-5). In terms of early adulthood characteristics, more
than three quarters of the analytic sample had at least an upper secondary education,
and 38% had post-secondary education. Thus, it appears that by age 22, SBC cohort
members had more education than their parents and most were unmarried (90%).
Approximately 5% died by age 56. Overall, there were a few salient differences
between females and males worth noting. First, while fewer than 10% of the full
sample were unliked, 8% of males versus 5% of females were unliked. On the other
hand, more females (7%) than males (5%) mostly spent no time with other adoles-
cents. Even so, females (4.2) had higher school performance compared to males
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Table 1 Descriptive statistics for the full sample and shown separately by sex

% the total sample Full Females Males
100% 51% 49%
% or M (SD)
Isolation types
No siblings 13 12 13
Unliked 7 5 8
Disengaged 4 4 5
Mostly no time with adolescents 6 7 5
Demographic characteristics and early life conditions
Low birth weight (<2500 g) 3 3 3
Mother <age 20 at birth 7 7 7
HH occupational class
Working 39 39 38
Middle 44 44 44
Upper 17 17 17
Parental education
No graduate 73 73 72
One graduate 21 22 21
Two or more graduates 6 6 6
Fathers’ income (range = 1-6) 1.9 .9 1.9 .9 1.9 (.8)
Intact family at age 10 90 90 91
Had mental health problems 6 6 6
Had alcohol problems 4 4
Adolescent characteristics
School performance (range = 1-7) 4.0 (1.3) 4.2 (1.3) 3.9 (1.3)
Has been truant 30 27 34
Worries (range = 1-5) 2.1 (1.0) 2.0 (1.0) 2.0 (1.0)
Early adulthood characteristics (by age 22)
Education
Compulsory 17 15 19
Upper secondary 44 45 43
Post-secondary 39 40 37
Marital/union status
Married 9 13 4
Divorced/separated/widowed 1 2 5
Unmarried/single 90 85 95
Premature death 5 4 6
N 11,618 5875 5743

(3.9) and males (34%) versus females (27%) were more likely to have been truant.
Fewer males than females had post-secondary education, and fewer were married.

However, 6% of males died prematurely compared to 4% of females.
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Multivariate

We turn now to our multivariate results. Table 2 shows hazard ratios predicting
the risk of premature mortality by each isolation type (Model 1), and subsequently
adds covariates (Models 2 and 3) based on the temporal order in which they occur.
Starting with Model 1, net of all other isolation types, no siblings was associated
significantly (p <.05) and positively with the risk of premature mortality. The risk
of premature death increased by approximately 31% for those without, versus with
siblings. Similarly, net of all other types of isolation, both those who were unliked
(hazard ratio or HR=1.41, p<.05) and those who mostly spent no time with other
adolescents (HR=1.38, p<.05) also had a higher risk of premature death. While
the association between being disengaged and premature mortality was positive,
suggesting that those who do not nominate classmates as best friends (versus those
who do) have a higher risk of premature mortality, the HR was not statistically
significant.

Once demographic characteristics, early life conditions, and adolescent charac-
teristics were added in Model 2, the association between two isolation types, no sib-
lings and mostly spent no time with adolescents, held and the magnitude increased
for the latter isolation type (the significant HR increased from 1.38 to 1.52). On the
other hand, the addition of covariates in Model 2 attenuated the association between
unliked and premature mortality, both in terms of magnitude and significance (i.e.,
the significant HR dropped from 1.41 to 1.20 and not significant). When we add
early adulthood characteristics in Model 3, the strength of the association between
both no siblings and mostly spent no time with adolescents and premature mortality
increased (both significant at p <.05 in Model 2 and p <.01 in Model 3). In Model 3,
net of other types of isolation, the risk of premature mortality increased by 40% for
those with no siblings versus those with at least one sibling; and the risk increased
by 53% for those who mostly spent no time with adolescents (versus those who did).
The increase in the strength of these associations may suggest that early adulthood
characteristics partially suppress the association between these isolation types and
premature mortality.

We shift now to our covariates, focusing on Model 3 for ease of interpretation.
Beginning with demographic characteristics and early life conditions, as expected,
the risk of premature mortality was significantly lower (by about 37%) for females
versus males. Those who were born to mothers age 20 or younger (versus to mothers
age 20+) had a significantly higher risk of premature mortality (HR=1.37). Low
birth weight, SES background, and family structure (lived with both parents at age
10) were not associated significantly with premature mortality; however, mental
health and alcohol problems were (1.36 and 2.03, respectively). Among adolescent
characteristics, neither school performance, truancy, nor worries were significantly
associated with premature mortality in Model 3. Finally, as expected, both education
and marital status, net of all other covariates, were strongly and significantly associ-
ated with premature mortality. Those who had upper secondary and post-secondary
(compared to compulsory levels of education) had a significantly lower risk of pre-
mature death (.65 and .45, respectively, each at p <.001). Moreover, the risk of pre-
mature mortality was significant and 2.57 times higher for the separated, divorced,
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or widowed group compared to the married group; there was no significant differ-
ence between the unmarried/single and married groups.

We turn now to the results from our interaction models.! As Model 3 in Table 2
shows, two isolation types—no siblings and mostly no time with adolescents—were
associated significantly with premature mortality. Thus, we next examine variation
in sibling status by time spent with adolescents and the risk of premature mortal-
ity. Table 3 shows the results of three, separately estimated interaction models, for
the full sample, for females, and for males. Each model was estimated using Cox
models and adjusted for all covariates. Starting with the column labeled “Full,”
the results suggests that, compared to those who both had siblings and spent time
with other adolescents, the risk of premature mortality was 35% (p <.05) higher for
those with no siblings, but who spent time with other adolescents. The results fur-
ther showed that the risk of premature mortality was 2.67 times higher (p <.01) for
those who had neither siblings nor mostly no time with adolescents compared to
those who had both (and is indeed significantly larger than the HR for those with no
siblings but who spent time with adolescents). Taken together, these results suggest
that both having siblings and spending time with adolescents is important; and those
who have neither during adolescence may be vulnerable to premature mortality by
midlife.

Next, given well-known differences in life expectancy for females and males,
we estimated separate interaction models for each. Under the column heading
“Females,” the results were consistent with those shown in the full model; how-
ever, the magnitude of the association increased for both those who had no siblings
but spent time with adolescents and those who had no siblings and mostly spent no
time with adolescents. In fact, the risk of premature mortality was 4 times higher for
females (p <.01) who had neither during adolescence compared to those who had
both.

We found no such significant associations for the male group. While the risk of
premature mortality for males increased for all groups who had either no siblings
(and) or no time with adolescents compared to adolescent males who had both, none
of the HRs were statistically significant. These results suggest that social isolation
during adolescence may be a risk factor for premature mortality for females but
may not be as important for adolescent males. Other factors, however, were impor-
tant for adolescent males. For example, being born to a young mother (HR=1.52,
p <.05), having a parent with alcohol problems (HR=2.35, p<.001), and truancy
(HR=1.33, p<.05) were each associated significantly with premature mortality for
males, but not females. The corresponding survival curves for the models shown
in Table 3 are shown in Fig. 1 and provide a more intuitive interpretation of these
results.

! While neither unliked nor disengaged were significant in our full models presented in Table 2, in sup-
plemental analyses (not shown), we examined interactions between these types of adolescent isolation
and sibling status. We found no significant interactions for the full sample, for females, nor for males.
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Fig. 1 Survival curves for interactions between sibling status and mostly spends no time with adolescents
(from Table 3)

Discussion

This study provides new information about the association between adolescent social
isolation and premature mortality. Prior studies emphasised separately the role of
having no siblings or adolescent social isolation (and marginalisation) at school on
adult health and mortality (e.g., Osterberg and Modin 2008; Almquist 2011; Yang
et al. 2016; Baranowska-Rataj et al. 2017). The current study extends the literature
by examining the risk of premature mortality by additional types of adolescent social
isolation—mostly no time with other adolescents and having no siblings. We further
consider how interactions between different isolation types influence the risk of pre-
mature mortality, and variation by sex. We found important differences—disengage-
ment at school was not associated significantly with premature mortality; however,
the risk increased significantly among those who were unliked, who mostly spent no
time with other adolescents, and were only children.

Demographic characteristics and early life conditions attenuated the association
for being unliked, but having no siblings and spending no time with other adoles-
cents was associated significantly with premature mortality net of a robust set of
covariates measured from birth until early adulthood. In addition, the risk of pre-
mature mortality was 2.67 times higher for those who had no siblings and mostly
spent no time with other adolescents (i.e., isolates) compared to those who had both.
On the other hand, when we examined these associations separately for females
and males, the significant association held only for females, for whom the risk of
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premature mortality was 4 times higher for isolates compared to those who had sib-
lings and spent time with other adolescents. For males, the risk of premature mortal-
ity increased for all who did not have both siblings and time with other adolescents,
but none of these associations were statistically significant.

An absence of social ties during adolescence or early in the life course may have
lasting effects for females. Indeed, our findings are consistent with prior studies that
have shown that the association between adolescent social isolation (or marginalisa-
tion) and health outcomes differs significantly for females and males (Bearman and
Moody 2004; Copeland et al. 2018). Moreover, we recognise that ties to delinquent
friends or perhaps those with whom one is truant, may introduce health risks over
time (e.g., Rocque et al. 2017). However, the risk of premature mortality, at least
for females, appears to be higher for those with no siblings, nor time with others in
their age group; while, siblings and time with adolescents may be protective. Other
factors appear more predictive of premature death for males. For example, the risk
is 2.35 (p<.001) times higher for males who had (versus did not have) a parent
with an alcohol problem, 1.52 (p <.05) times higher if males were born to a young
mother, and 1.33 (p <.05) times higher if they had been truant. The circumstances
at home, combined with delinquent behavior, appear more important for adolescent
males.

Our findings are also consistent with prior research suggesting that social isola-
tion increases the risk of mortality (e.g., Hall-Lande et al. 2007; Gustafsson et al.
2012; Mundt and Zakletskaia 2014) and the importance of different types of ado-
lescent isolation (e.g., Copeland et al. 2018). Research has underscored adolescent
isolation in terms of peers at school, i.e., being unliked or receiving no friendship
nominations from classmates, disengagement or nominating no friends, or being an
“outsider” at school (Copeland et al. 2018). This includes adolescents who receive
no nominations or nominate no one they may spend time with, for example, friends
from a sports club, cousins, or with siblings. Thus, friendship nominations within
one’s school class may underestimate (i.e., for those with friends elsewhere) or over-
estimate (i.e., for those with siblings) the health risks associated with adolescent iso-
lation. We extended the conceptualisation of isolation and indeed, our findings sug-
gest that having no siblings and mostly spending no time with adolescents are risk
factors for premature mortality. Extending the conceptualisation of adolescent isola-
tion to include no siblings is important. While research suggests that those with no
siblings have educational advantages (e.g., Batty et al. 2009) which tends to increase
life expectancy (e.g., Elo and Preston 1996), there may be a social disadvantage of
having no siblings that counteracts educational advantages, increasing the risk of
mortality (e.g., Baranowska-Rataj et al. 2017).

Sibling relationships are biological connections, which are often life-long social
connections (Knipscheer and Van Tilburg 2013) and research suggests that these
relationships are important (for one’s social convoy) (e.g., Seeman 2000; Roslita
et al. 2012). Although siblings do not always maintain consistent connections, and
may have stronger or weaker connections at different stages of the life course, sib-
ling ties are important as one ages (e.g., White 2001; Guilley et al. 2005). Research
further suggests that family ties provide social support; thus, to the extent that sib-
ling relationships are consistent and supportive, they may be protective of disease
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onset or help through treatment once a disease is diagnosed. On the other hand, sib-
ling age gaps and sex differences may be meaningful in terms of both adolescent
isolation and whether or not relationships are consistent and supportive over time. In
supplemental Cox analyses (not shown here), we explored a more nuanced measure
of siblings—a set of dummy indicators that captured having no siblings and having
siblings with 5-year age gaps and siblings of the same or different sex. The only
group with a hazard ratio greater than 1 was those with no siblings, and no group
was significantly different from those with same-sex siblings less than 5 years apart
(reference group), likely due to smaller cell sizes. Although beyond the scope of the
current study, more research exploring the conditions under which adolescents with
siblings are (or feel) isolated and the associated health consequences is needed.

Friendships also contribute significantly to one’s social convoy (e.g., Hall-Lande
et al. 2007). The composition of one’s friendship network likely changes from ado-
lescence into adulthood, particularly amid life-altering events such as marriage (e.g.,
Kalmijn 2003) or divorce (e.g., Gerstel 1987). Although friendship trajectories are
likely to be complex and due to data limitations are difficult to track as young peo-
ple age (Crosnoe 2000), having friends during adolescence may signal that one will
have them later on. Conversely, those who have no friendships during adolescence
may have a higher risk of having fewer or no friends as they age, which may have
health consequences.

As with all observational studies, this study is limited. First, our data did not
allow us to examine changes in friendships or with whom adolescents spent their
time between adolescence and midlife. Our results may be biased to the extent that
those who are socially isolated during adolescence are not necessarily isolated over
time. Even so, research suggests that adolescent social isolation may have lasting
(Caspi et al. 2006; Yang et al. 2016), direct impacts on adult health, and perhaps
especially for females (e.g., Osterberg and Modin 2008). Moreover, we were not
able to examine the quality of sibling relationships and friendships. If these rela-
tionships were stressful or of poor quality, for example, estimates of the association
between adolescent isolation and premature mortality may be biased.

Future studies, where data allow, should examine the nature and quality of ado-
lescent relationships over time and long-term health. Moreover, while this study
focuses on the Swedish context, the association between social isolation and health
appears consistent across a number of Western countries, including the U.S., Can-
ada, Switzerland, the U.K., and others (e.g., Cohen 2004; Fry and Debats 2006;
Guilley et al. 2005; Steptoe et al. 2013). Even so, the generous social safety net in
Sweden and other Scandinavian countries (e.g., Esping-Andersen and Meyers 2008)
potentially increases independence and decreases reliance on family and friends for
support. If so, the long-term health consequences of adolescent isolation found in
the current study may be worse in Western countries with weaker safety nets. Addi-
tional studies are needed to better understand cross-national differences in the asso-
ciation between adolescent social isolation and premature mortality.

Despite limitations, this study takes advantage of cohort data with a robust set of
measures between birth and midlife to examine multiple types of adolescent social
isolation and premature mortality. It is well-documented that social relationships
are central to, and consistent predictors of, longevity. We know that those who lack
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social connections have, on average, more health problems and live shorter lives
(e.g., House et al. 1988; Seeman 1996). Thus, understanding isolation at home and
at school during early periods of the life course is important. While prior research
has shown that an absence of friendships during adolescence can predict short- and
long-term health (e.g., Hall-Lande et al. 2007; Osterberg and Modin 2008), social
isolation during adolescence is complex. Future life course studies aimed at under-
standing links between adolescent social isolation and health outcomes should
account for how adolescents spend their time (e.g., alone, with adults, or with other
adolescents) and the presence and quality of sibling relationships.
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