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Abstract Research has long demonstrated that siblings
are similar in their alcohol use, however much of this work
relies on cross-sectional samples or samples of adolescents
alone and/or exclusive focus on older siblings’ impact on
younger siblings. Using a three time-point design from early
adolescence to early adulthood (M ages = 14.9, 18.3, and
22.4 years, respectively; 55% female; 54% European
ancestry, 38% Asian ancestry), we evaluated the pro-
spective older and younger sibling influences on alcohol use
across time (N =613 sibling pairs; 35% sisters, 26%
brothers, 39% mixed-gender; average age difference = 2.34
years; 34% full-biological siblings, 46% genetically-
unrelated adopted siblings, 20% pairs where one child
was the biological offspring of parents and the other was
adopted). The results from both the traditional and random-
intercept cross-lagged panel analyses showed that older
siblings’ alcohol use predicted younger siblings’ alcohol use
across each developmental transition and across a variety of
sibling contexts (e.g., gender composition, age difference,
genetic relatedness). On the other hand, younger siblings’
alcohol use only predicted older siblings’ alcohol use when
siblings were close in age (1.5 years or less) and under
conditions of high sibling companionship. These results add
to a body of literature illustrating how both older and
younger siblings are important socializing agents of ado-
lescent and early adult alcohol use. Assessing or co-treating
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siblings for alcohol problems may be an important add-on
to existing adolescent and early adult alcohol prevention
and intervention programs.
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Introduction

Research has consistently demonstrated that siblings are
similar in their adolescent substance use (D’Amico and
Fromme 1997; Fagan and Najman 2005; Rowe and Gulley
1992) and that this similarity is largely influenced by shared
environmental rather than genetic influences (for a review,
see Hopfer et al. 2003). Recent research attempting to
identify the environmental mechanisms linking older sibling
and younger sibling substance use has shown that older
siblings’ facilitation of use (i.e., helping them get alcohol;
McGue and Iacono 2009; Samek et al. 2015a), as well as
sibling co-use (i.e., using alcohol together; Whiteman et al.
2016), appear to be important mechanisms that explain this
link. Modeling of sibling behavior and sharing the same
friends have also been shown to explain linkages of older
and younger sibling substance use (Rowe and Gulley 1992;
Whiteman et al. 2013). This body of research is consistent
with a deviance training theory of adolescent substance use
(Rende et al. 2005; Slomkowski et al. 2001) and suggests
older siblings may be important socializing agents of their
younger siblings’ adolescent substance use. Indeed, siblings
may be more important socializing agents than parents
when it comes to adolescent alcohol use, as earlier research
has shown little impact of parents’ alcohol use on their
adolescents’ alcohol use—and that the impact of parents’
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alcohol use on their adolescents’ alcohol use occurs pre-
dominately through shared genetic rather than environ-
mental pathways (McGue et al. 1996).

Although research has progressed to identify the envir-
onmental mechanisms that link older and younger siblings’
alcohol and substance use, a critical gap in the literature is
that much of the prior research has been focused on cross-
sectional samples of adolescents alone (e.g., Rowe and
Gulley 1992; Samek et al. 2015a; Whiteman et al. 2013,
2016). Thus, it is not clear how well these sibling influences
may hold up through early adulthood when substance use
rates tend to peak (i.e., at ages 18—25; Substance Use and
Mental Health Services Administration [SAMHSA] 2014).
Conger and Little (2010) also point out that sibling
dynamics may change in interesting and important ways in
early adulthood and there is a considerable gap in the
research on siblings for this time period. For example,
having a close and supportive relationship with a sibling
may be an important protective factor in the transition to
college, as depression and suicidal ideation also increase
markedly at this time (Garlow et al. 2008). On the other
hand, having a close relationship with a sibling who enga-
ges in heavy drinking might also prove to be a risk factor in
the transition to college, as heavy drinking and substance
use increase rapidly in the first year of college (White et al.
2005) and sibling facilitation, modeling, or co-use may
escalate this behavior.

It also remains critical to evaluate the direction of effects
from older to younger and younger to older sibling influ-
ences, as the majority of research has evaluated only older
siblings’ impact on younger siblings’ substance use (e.g.,
Rowe and Gulley 1992; Samek and Rueter 2011; Samek
et al. 2015a; Whiteman et al. 2013, 2016). It remains
unclear to what extent younger siblings also socialize their
older siblings’ alcohol use and whether this depends on the
developmental context evaluated. To build on prior
research, the specific aims of this study are to evaluate the
prospective associations between older and younger sibling
alcohol use across three time points from early adolescence
(ages 13—16) to late adolescence (ages 17-19) and early
adulthood (ages 21-23). We also evaluate moderation by
key sibling contexts, including sibling gender composition,
age difference, family type (adoptive vs. nonadoptive),
shared vs. mixed ethnicity (through the use of our adoption
design), and self- and sibling-reported sibling relationship
companionship.

Theoretical Frameworks
Deviancy training theory proposes that deviant or antisocial
siblings may form coalitions with one another within the

family, which in turn will promote further deviancy within
and outside family interactions (Bullock and Dishion 2002).
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This is also known as the siblings as “partners in crime”
theory (Slomkowski et al. 2001) and suggests that siblings
may commit delinquent acts (such as underage drinking)
particularly if they have positive and more “peer-like” sib-
ling relationships rather than coercive or conflictual sibling
relationships. In line with this theory, we might expect older
siblings to have a particularly important impact on their
younger siblings when the older sibling is immersed in a
network of relatively older peers who may be more likely to
drink, as the rates of drinking increases with age (SAMHSA
2014). Thus, simply having an older sibling who has drunk
alcohol may lay the groundwork for deviancy training of the
younger sibling at an earlier age compared to if they did not
have an older sibling. On the other hand, as younger sib-
lings age and become more immersed in their own peer
networks of age-normative drinking, they may have an
important effect on older siblings’ drinking, particularly if
older siblings would otherwise “mature out” of heavy
drinking by later young adulthood (e.g., see Bachman et al.
2002).

Other theoretical frameworks that are important to
studying sibling relationships include attachment or social
bonding explanations (Bowlby 1969; Hirschi 1969).
Research has consistently shown that having a close, sup-
portive, or loving relationship with a sibling is associated
with a reduced likelihood of a variety of problematic out-
comes, including adolescent substance use (Samek and
Rueter 2011) and externalizing problems (Branje et al.
2004; Criss and Shaw 2005), as well as internalizing pro-
blems (Whiteman et al. 2015) and peer incompetence (Kim
et al. 2007). In a meta-analysis of 34 studies, Buist et al.
(2013) showed that more sibling conflict and less sibling
warmth were significantly associated with fewer inter-
nalizing and externalizing problems. Further, Buist et al.
showed that effect sizes (r) for sibling conflict were gen-
erally stronger than warmth in relation to both internalizing
problems (.27 vs. —.12) and externalizing problems (.28 vs.
—.14).

A third framework for studying sibling influences on
adolescent alcohol use considers shared genetic risk, as
alcohol and substance use disorders are largely influenced
by genetic factors. For example, a recent meta-analysis of
17 twin and adoption studies showed that additive genetic
influences accounted for approximately half the total var-
iation of alcohol use disorder in adulthood (Verhulst et al.
2014). What is most striking in this literature is that even
though adult substance use disorders are strongly influenced
by genetics, initiation of alcohol and substance use in
adolescence is much more strongly influenced by shared
environmental rather than genetic influences (for a review,
see Hopfer et al. 2003). For example, McGue and collea-
gues (1996) evaluated the extent to which the association
between parent and adolescent alcohol use was explained
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by predominately genetic or environmental influences by
comparing parent-adolescent correlations in adoptive vs.
non-adoptive families. The results were striking in that any
association between parent drinking and adolescent drink-
ing was significant (and moderate in magnitude) but only
for parents and their biological offspring and was essentially
zero for parents and their adopted children. On the other
hand, the association between sibling and adolescent alco-
hol use were significant for both full-biological siblings
(who share half their segregating DNA) and adopted sib-
lings (who shared none of their segregating DNA). These
results suggest any resemblance between parent and ado-
lescent drinking is likely entirely explained by shared
genetics, whereas any resemblance between siblings’ ado-
lescent drinking is principally (but not solely) explained by
shared environmental effects.

Variation in Sibling Context

When studying sibling relationships, it is important to take
several aspects of sibling context into account, including
how close they are in age or if they are the same or mixed
gender (see Conger and Little 2010). Several studies have
shown that siblings tend to be more similar in their sub-
stance use when they are closer in age (Samek et al. 2015a;
Trim et al. 2006), perhaps because they are more likely to
identify with one another, model each other’s substance use
behavior, and/or share similar peer and friend groups. There
is mixed evidence on whether siblings are more similar in
their substance use if they are the same gender, with some
research showing more similarity (Boyle et al. 2001; Trim
et al. 2006; Rowe and Gulley 1992) and more recent
research showing no differences across sibling gender
composition (Samek and Rueter 2011; Whiteman et al.
2016).

Although prior research has evaluated for moderation by
a number of sibling contexts, and has shown that positive
relationships within sibling pairs are associated with a
reduction in the likelihood of substance use and other pro-
blematic outcomes (as reviewed above), less research has
evaluated how perceptions of sibling relationship closeness
or sibling relationship quality may moderate associations
between older and younger sibling alcohol use. Recent
studies have shown close sibling relationships can act as
either a protective effect or a risk effect, and that largely
depends on sibling gender (Samek and Rueter 2011; Samek
et al. 2015b; Slomkowski et al. 2001; Rowe and Gulley
1992). Several studies have now shown that having a close
relationship among sisters reduces the likelihood of later
adolescent substance use—however having a close rela-
tionship among brothers increases the risk of later adoles-
cent substance use (Samek et al. 2015b; Slomkowski et al.
2001). These findings have often been interpreted through

competing developmental processes — deviancy training or
social contagion processes are used to describe why it
appears to be risky to have a close relationship to an older
brother and attachment or social bonding perspectives are
used to describe why it is protective to have a close rela-
tionship with sisters (Samek et al. 2015b; Slomkowski et al.
2001).

Although this research illustrates some important dif-
ferences in gender socialization by older siblings, less
research has examined the interaction between sibling
relationship quality and older sibling substance use as they
relate to younger sibling substance use over time. In fact,
we know of no research study that has examined the
developmental unfolding of the interactions between older
sibling alcohol use and sibling relationship closeness as
they relate to younger sibling alcohol use in a multiple time-
point, longitudinal analysis. Prior research by Rowe and
Gulley (1992) showed siblings were more similar in their
delinquency if they had warmer relationships or shared
more friends; however, this study relied on a cross-sectional
sample. Although Slomkowski et al.’s (2001) sample was
longitudinal, only the impact of older sibling delinquency
on younger sibling delinquency was evaluated pro-
spectively; thus, it is unclear how younger siblings may also
impact their older sibling, or how these results may vary
beyond the early adolescent time period evaluated (ages 11
to 14). Samek et al.’s (2015b) study evaluated change from
middle to late adolescence (from ages 15 to 18), but did not
evaluate potential differences in birth order (i.e., older to
younger vs. younger to older sibling influences). The pre-
sent study adds to this body of knowledge by teasing out
these effects through prospective analyses spanning early
adolescence to early adulthood (when alcohol use peaks;
SAMHSA 2014), and by separately evaluating older to
younger and younger to older sibling influences on alcohol
use.

Current Study

This study builds on prior research using mostly cross-
sectional designs to evaluate the prospective associations
between older and younger siblings’ alcohol use from early
adolescence into early adulthood. Several research ques-
tions and hypotheses were tested to replicate and extend the
body of research on sibling influences of adolescent alcohol
use. We first examined whether the prospective associations
between older siblings’ alcohol use on younger siblings’
subsequent alcohol use were generally stronger than the
prospective associations between younger siblings’ alcohol
use on older siblings’ subsequent alcohol use. As we have a
three-time point design, we also evaluated whether this
varied as a function of the developmental time period
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examined (e.g., early to late adolescence vs. late adoles-
cence to early adulthood). In line with a deviancy training
hypothesis (Patterson 1984; Rowe and Gulley 1992;
Slomkowski et al. 2001), and because older adolescents
tend to use more alcohol than younger adolescents
(SAMHSA 2014), we expected older siblings’ alcohol use
would significantly predict younger siblings’ subsequent
alcohol use. We expected that older to younger sibling
influences would be particularly strong in early adolescence
relative to later adolescence or early adulthood, as several
studies have demonstrated children and young adolescents
tend to be more malleable or sensitive to environmental
context compared to later on in adulthood (Kendler et al.
2011; Samek et al. 2017). On the other hand, by early
adulthood, younger siblings may be drinking just as much
or more than their older siblings, thus it is possible we may
find significant prospective associations between younger
siblings’ alcohol use and older siblings’ alcohol use at this
time.

Second, we examined whether the prospective associa-
tions between older and younger siblings’ alcohol use were
moderated by key aspects of sibling context. Based on
earlier research demonstrating the importance of accounting
for variation in several sibling contexts (e.g., Samek et al.
2015b; Slomkowski et al. 2001), we evaluated whether
older to younger or younger to older sibling influences were
moderated by sibling gender composition, age difference,
family type (e.g., adoptive vs. nonadoptive), shared ethni-
city, and sibling relationship companionship (measured in
terms of how much they hang out and have fun together).
Understanding whether each of these sibling contexts
moderate the associations between older and younger sib-
lings’ alcohol use over time is important for purposes of
generalization as well as theory building. As discussed by
Samek and Rueter (2011) and Whiteman et al. (2011), a
social learning perspective (Bandura 1969) proposes that
siblings may be more likely to model one another’s behavior
if they identify with one another, which may be more likely
if they are the same vs. mixed gender, if they are close in
age vs. further apart, if both are adopted or are the biolo-
gical offspring of their parents vs. one adopted and one is
the biological offspring of their parents, if they share the
same ethnicity vs. not, as well as if they spend more time
together (residing in the same home vs. different homes) or
generally have “close” relationships (e.g., usually spending
time and having fun together vs. rarely). Finally, we eval-
uated whether sibling gender composition and sibling
companionship interact to predict subsequent older and
younger siblings’ alcohol use. Based on earlier research
demonstrating important differences of sibling companion-
ship and closeness by gender (Samek et al. 2015b; Slom-
kowski et al. 2001), we expected that older and younger
brothers’ alcohol use would more strongly predict one
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another’s alcohol use when the brother pair reports high
levels of companionship but a similar moderation effect
would not be observed among sisters.

Methods
Participants

The Sibling Interaction and Behavior Study (SIBS) was
used to address these aims. SIBS has been described
extensively in prior publications (McGue et al. 2007; Samek
et al. 2014), thus is only briefly described here. Three types
of families participated: families with two adopted children
(n =285), families with two biological offspring (n = 208;
siblings were full biological siblings), and families with one
adopted and one biological child (n = 124). All siblings in
these families were within 5 years of age (average age
difference = 2.4 years, SD = .85). Adoptive families were
recruited through three large adoption agencies and all
adopted children were placed in the adoptive home prior to
age 2 (My,e=4.7 months, SD = 3.4 months, 96% were
placed prior to 1 year of age). Families with biologically
related children were ascertained through publicly available
birth certificates and were recruited to match the adoptive
sample in terms of age and sex.

After the intake assessment, four families were deemed
ineligible (due to child developmental delay, death, or
because the adopted children were genetically related),
leaving a total of 613 eligible families for the present ana-
lyses. Here, we use data from all available assessments,
including the intake assessment (M age of adolescents =
149 years, SD=1.92), as well as the two follow-up
assessments (FU1 M age = 18.3, SD = 2.1, 94% retention,;
FU2 M age=224, SD=1.9; 92% retention). Demo-
graphics are described in more detail in Table 1. Twenty-
one percent of the adopted sample were adolescents of
European ancestry, 67% were of Asian ancestry (from pri-
marily international adoptees), and 12% had other ethnic
minority ancestry. The respective ethnic proportions for the
non-adopted sample were 96, <1%, and <4%. These rates
were consistent with state demographics for adoptive and
non-adoptive families at the time of assessment (for a
detailed overview, see McGue et al. 2007).

Procedures

Siblings and their parents were invited to the lab for a half-
day visit at the baseline assessment (Time 1). Written
informed consent was obtained from all individual partici-
pants included in the study (parent consent and child assent
for children <18 years of age). Participating family mem-
bers completed separate diagnostic interviews (with
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Table 1 Descriptive statistics of study variables (N =613 sibling pairs)

M SD Range % Valid data

Older sibling

T1 Age 16.09 1.48 12.91-20.97 100%
T2 Age 19.44 1.70 15.96-25.44 94%
T3 Age 23.53 1.42 20.48-28.33 93%
T1 Alcohol frequency .68 .99 04 89%
T2 Alcohol frequency 1.79 1.27 0-5 94%
T3 Alcohol frequency 2.51 1.11 0-5 93%
T1 Alcohol quantity 1.71 2.71 0-9 89%
T2 Alcohol quantity 441 3.10 0-9 89%
T3 Alcohol quantity 4.36 2.25 0-9 93%
Younger sibling

T1 Age 13.76 1.57 10.73-19.41 100%
T2 Age 17.07 1.77 13.67-24.17 95%
T3 Age 21.16 1.43 19.00-26.60 91%
T1 Alcohol frequency 23 .64 0-5 90%
T2 Alcohol frequency 1.05 1.16 0-5 92%
T3 Alcohol frequency 2.13 1.19 0-5 91%
T1 Alcohol quantity .64 1.88 0-9 90%
T2 Alcohol quantity 3.14 3.32 0-9 86%
T3 Alcohol quantity 4.35 2.71 0-9 91%
Sibling contexts

Age difference 2.34 .89 1-5 100%
T1 Sibling companionship 8.81 2.31 3-15 100%
T2 Sibling companionship 8.11 2.50 3-15 96%
Groupings for Moderation Analyses n % of total sample - % Valid data
Sibling gender composition 100%
Sisters 215 35%

Brothers 157 26%

Mixed gender 241 39%

Sibling age difference 100%
<1.5 years 98 16%

1.5-2 years 149 24%

2+ years 366 60%
Family type 100%
Both siblings adopted 284 46%

Full biological siblings 206 34%

1 Sibling adopted, 1 sibling biological offspring of parents 123 20%

Shared ethnicity 100%
Same ethnicity 488 80%

Mixed ethnicity 125 20%

Sibling co-residence

Co-residence at T2 387 63% 87.4%
Co-residence at T3 76 12% 92.8%
Sibling companionship at T1 99.5%
Low (25th percentile or less) 160 26%
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Table 1 continued

Groupings for Moderation Analyses n % of total sample - % Valid data
Average (26th—74th percentile) 283 46%

High (75th percentile or more) 167 27%

Sibling companionship at T2 95.9%
Low (25th percentile or less) 174 28%

Average (26th—74th percentile) 247 40%

High (75th percentile or more) 167 27%

Sibling gender x T1 sibling companionship 99.5
Brothers, low companionship 30 5%

Brothers, middle companionship 79 13%

Brothers, high companionship 45 7%

Sisters, low companionship 44 7%

Sisters, middle companionship 90 15%

Sisters, high companionship 81 13%

Mixed gender, low companionship 86 14%

Mixed gender, middle companionship 114 19%

Mixed gender, high companionship 41 7%

Sibling gender x T2 sibling companionship 95.9%
Brothers, low companionship 36 6%

Brothers, middle companionship 71 11%

Brothers, high companionship 40 7%

Sisters, low companionship 45 7%

Sisters, middle companionship 79 13%

Sisters, high companionship 84 13%

Mixed gender, low companionship 93 15%

Mixed gender, middle companionship 97 16%

Mixed gender, high companionship 43 7%

Note: Age at T1-T3 refers to age in years. Sibling companionship was averaged across older and younger sibling reports (T1: »=.53, p <.001; T2:
r=.63, p <.001). % Valid data refers to the percentage of non-missing data for each variable at each time point. Percentages of sub-groups (e.g.,
sibling companionship at Time 1) refer to the percentage of those in that group relative to the entire sample (N = 613 sibling pairs). Alcohol
frequency responses ranged from O = Never to 5 = Every day or nearly every day. Alcohol quantity responses ranged from 0 = never to 9 = 10+

drinks each time alcohol was consumed.
TI Time 1, T2 Time 2, T3 Time 3

separate interviewers), as well as computerized assessments
and other self-reported questionnaires. The same procedure
was completed at the first follow-up assessment (Time 2);
however, only one parent (usually the mother) came to the
lab with both children. In a minority of cases where it was
impossible to schedule an in-lab visit, phone interviews
were used (14% of total sample). At the second follow-up
assessment (Time 3), phone interviews were conducted with
all of the participating siblings.

Measures
Alcohol use

Measures included older and younger sibling reported
alcohol frequency (ranging from 0= Never to 5= Every
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day or nearly every day) and quantity (ranging from 0=
Never to 9 = 10+ drinks each time alcohol was consumed)
at each time point. Alcohol frequency and quantity variables
were averaged to compute the final alcohol use variable at
each time point (correlations between the two drinking
measures ranged from .52 to .87 across older and younger
siblings and time; ps < .001).

Sibling contexts

Demographic variables (age, gender, race/ethnicity) of sib-
lings were used to calculate variables denoting several
sibling contexts, including sibling age difference, gender
composition, family type, shared ethnicity, and sibling co-
residence (details shown in Table 1).
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Demographics of siblings were reported by parents at the
baseline assessment. Sibling gender composition was coded
into three groups, sisters (n =215 sibling dyads, 35% of
sample), brothers (n = 157 sibling dyads, 26% of sample),
or mixed gendered (n = 241 sibling dyads, 39% of sample).
The mean sibling age difference was 2.34 years (SD = .89),
and ranged from .04 to 4.93 years. Following earlier work
using the SIBS sample (Samek and Rueter 2011; Samek
et al. 2015a, b), siblings were grouped by whether they were
1.5 years of age apart or less (n = 98 sibling dyads, 16% of
sample), 1.5-2 years of age apart (n = 149 sibling dyads,
24% of sample), and greater than 2 years of age apart (n =
366, 60% of sample) for the multiple group moderation
analyses (described in the Analysis Plan). Family type
indicates whether siblings were (1) both adopted and not
genetically related to one another (n =284, 46% of sample),
(2) both biological offspring of parents and therefore, full-
biological siblings (n = 206, 34% of sample), and (3) where
one sibling was adopted and the other was the biological
offspring of parents (n =123, 20% of sample). Sibling
shared ethnicity was coded such that they either had the
same ethnicity (n = 488, 80% of sample) or mixed ethnicity
(n =125, 20% of sample).

Finally, we analyzed sibling co-residence as a moderator
as it may be that siblings are more likely to impact one
another if they reside in the same home. At Time 1, all
siblings lived in the same residence at least half of the year;
this was assessed as part of the eligibility interview (no
additional information was collected on number of weeks
they lived together per year). At Time 2, one parent (usually
the mother) completed a demographic interview prior to the
visit and answered an item “number of weeks older and
younger sibling lived together in the last year;” they lived
together an average of 38.4 weeks in the last year (SD =
18.5). If siblings lived together at least half of the year, they
were coded as co-residing (n =387 pairs, 63% of total
sample). At Time 3, this was assessed via a semi-structured
Social Adjustment Interview: “Do you currently live with
[the sibling who has participated in this study with you]?”
(n =776 pairs; 12.4% of total sample).

Sibling companionship The Sibling Relationship Ques-
tionnaire (Furman and Buhrmester 1985) was used to assess
sibling companionship (3 items, e.g., “How much free time
do you and this sibling spend together?”); each item was
answered on a scale of 1 (hardly at all) to 5 (EXTREMELY
much). Sibling companionship was measured at Times 1
and 2 but not Time 3; as ranged from .86 to .87 across time.
For the moderation analyses, older and younger sibling
reports were averaged at each assessment (rs ranged from
.53 to .63 across time, ps <.001) and subsequently coded
into three groups, where 1 represented lower than average
sibling companionship (score was at the 25th percentile or

less), 2 represented average companionship (score was
between 26th and 74th percentile), and 3 representing
higher than average companionship (score was at the 75th
percentile or higher).

Sibling gender composition X sibling companionship Mo-
deration of sibling gender composition by sibling compa-
nionship was tested by recoding for all possible pairs. There
were 9 total groupings: (1) sisters, low companionship (n =
44 at Time 1; n =45 at Time 2), (2) sisters, average com-
panionship (n =90 at Time 1; n =79 at Time 2), (3) sisters,
high companionship (n = 81 at Time 1; n =84 at Time 2),
(4) brothers, low companionship (n =30 at Time 1; n =36
at Time 2), (5) brothers, average companionship (n =79 at
Time 1; n="71 at Time 2), (6) brothers, high companion-
ship (n =45 at Time 1; n =40 at Time 2), (7) mixed gender
pairs, low companionship (n = 86 at Time 1; n =93 at Time
2), (8) mixed gender pairs, average companionship (n = 114
at Time 1; n =97 at Time 2) and (9) mixed gender pairs,
high companionship (n =41 at Time 1; n =43 at Time 2).
If neither sibling reported on sibling companionship, the
gender composition xsibling companionship variable was
coded as missing (n =3 pairs at Time 1, n =45 pairs at
Time 2).

Covariates

We also analyzed whether results were impacted by the
inclusion of several covariates, including baseline mother-
and father-child relationship quality, mother and father
frequency of alcohol use, antisocial peer affiliation, and
sibling conflict.

Mother- and father-child relationship quality Adolescent-
reported relationship quality with parents was measured
using the Parental Environment Questionnaire (Elkins et al.
1997). Adolescents rated statements concerning their rela-
tionship with parents on a scale of 1 (Definitely true) to 4
(Definitely false). Four scales were used (parent-child con-
flict, involvement, positive regard of parent by adolescent,
and positive regard of adolescent by parent), with items
coded such that a higher score indicates better relationship
quality (as ranged from .78 to .89 for each scale). These
four scales were averaged to compute the final mother- and
father-child relationship quality variables; correlations
among the four scales ranged from .64 to .77 for mother-
child relationship quality and .62 to .74 for father-child
relationship quality.

Mother and father frequency of alcohol use The Substance

Abuse Module was used to assess frequency of parent-
reported alcohol use with the single item: “In the past
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Fig. 1 Conceptual model of the
developmental unfolding of
sibling influences on alcohol use
over Time. This figure shows the
cross-lagged model analyzing
sibling influences on alcohol use
over time. OS older sibling, YS
younger sibling, 7/ Time 1, 72
Time 2, T3 Time 3

OS Alcohol
Use (T1)

YS Alcohol Use
(T1)

12 months, how often on average have you had any alcohol
to drink,” answered on a scale of 0 (Never) to 10 (3 or more
times a day).

Antisocial peer affiliation Adolescents’ report of affiliation
with antisocial peers was assessed using a 9-item scale from
the Friends survey (e.g., “My friends get into trouble with
the police”), @ =.83. Adolescents rated friendships on a
scale of 1 (All of my friends are like that) to 4 (None of my
friends are like that). Items were coded and summed so that
a higher score indicated a greater degree of antisocial peer
affiliation.

Sibling conflict The Sibling Relationship Questionnaire
(Furman and Buhrmester 1985) was used to assess sibling
conflict (3 items, e.g., “‘How much do you and this sibling
get mad at and get in arguments with each other?”); each
item was answered on a scale of 1 (hardly at all) to 5
(EXTREMELY much); a = .90.

Analysis plan

Preliminary analyses were conducted to examine descrip-
tive statistics and correlations among study variables using
IBM SPSS Statistics, version 22.

In order to address study aims of examining the reci-
procity of relationships in older and younger sibling alcohol
use across time, a cross-lagged panel analysis was used (for
an overview, refer to Berrington et al. 2006). All cross-
lagged and moderation analyses were conducted in Mplus
version 7 (Muthén and Muthén 1998-2017) using Full
Information Maximum Likelihood (FIML) to account for
missing data. The maximum likelihood with robust standard
errors (MLR) estimator was used to account for the non-
normality of alcohol use variables. As shown in Fig. 1, the
prospective relationships between older and younger sib-
lings’ alcohol use at three time points was examined after
accounting for both residual correlations and autoregressive
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effects across time. Moderation of cross-paths was eval-
uated by key sibling contexts, which were grouped by age
difference, gender composition, family type, shared ethni-
city, and an aggregate measure of self- and sibling-reported
sibling companionship at Times 1 and 2 (see Table 1 for
details). Significant differences in cross-paths across groups
were tested by constraining all cross-paths to be equivalent
and using the Satorra-Bentler chi-square difference test to
evaluate for a significant decrement in model fit in com-
paring the variant and invariant models.

Follow-up sensitivity and alternate model testing were
conducted. First, we tested whether results were consistent
using Hamaker et al. (2015) recently developed random-
intercept cross-lagged panel models, which accounts for
both within- and between- individual variation in the
associations between older and younger sibling alcohol use
over time (whereas the traditional cross-lagged model
accounts for only within-individual variation over time—
this is explained further, below). We conducted a sensitivity
analysis to confirm results for sibling age difference were
consistent across the original trichotomous coding in com-
parison to dichotomous coding that may be more general-
izable to populations beyond our sample (2 years of age
apart or less vs. 3 or more years apart in age). We also
compared our original model results to models that included
several covariates, including (a) the main effects of sibling
companionship at Time 1 and 2, (b) the main effects of
mother- and father-child relationship quality, mother and
father frequency of alcohol use, antisocial peer affiliation,
and sibling conflict (all assessed at baseline).

Results
Preliminary Analyses
Table 1 shows descriptive statistics. On average, alcohol use

frequency and quantity increased across time for both older
and younger siblings. Sibling companionship showed little
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Table 2 Zerordr conlao I N B B R

1. YS Alcohol use T1 1.0

2. YS Alcohol use T2 A1F*E 1.0

3. YS Alcohol use T3 A3EkE 43Rk ()

4. OS Alcohol use T1 S4en o Zkkk QR ] ()

5. OS Alcohol use T2 Sk Bk DSk gD kskok 1.0

6. OS Alcohol use T3 —.00 JdeEEE DQkkE ] Bk 4G 1.0

7. Sibling companionship ~ —.02 —.08 —.01 —.11%* —.10% —.06 1.0

Tl

8. Sibling companionship .04 —.05 —.03 —.04 —.10* —.13%* .60%**

T2

Notes. Older and younger sibling alcohol use were computed by taking the average of past 12 month alcohol
quantity and frequency (correlations between the two drinking measures ranged from .52 to .87 across older
and younger siblings and time; ps <.001). Sibling companionship was computed by taking the average
of older and younger sibling reported companionship (correlations ranged from .53 to .63 across time,

ps <.001).

YS younger sibling, OS older sibling, 7/ Time 1, 72 Time 2, 73 Time 3

p < .05; #p < 01; ##%p < 001,

change in overall averages from Time 1 (M =8.81, SD =
2.31) to Time 2 (M =38.11, SD =2.50); sibling compa-
nionship was not assessed at Time 3. There was little
missing data on study variables across the three time points
(see last column in Table 1). Zero-order correlations for the
alcohol use and companionship variables are provided in
Table 2. Older sibling alcohol use had a moderately positive
correlation with younger sibling alcohol use at each time
point (ranging from .29 to .37, all ps <.001). There was
moderate stability of alcohol use from Time 1 to Time 2 (rs
ranging from .13 to .46 for older siblings and from .13 to
.43 for younger sibling, all ps <.001). Sibling companion-
ship was largely stable from Time 1 to Time 2 (r = .60, p
<.001). Sibling companionship was either modestly or not
significantly correlated with older or younger sibling alco-
hol use across time (see Table 2 for details).

Prospective Cross-Lagged Analyses

Cross-lagged panel results for all sibling pairs are shown in
Fig. 2. Following the zero-order correlations, both older
sibling and younger sibling alcohol use were moderately
stable across time (fs ranged from .32 to .46, all ps <.001).
Residual correlations between older and younger sibling
alcohol use were also significant at each time point (r = .34,
p <.001 at time 1, r=.27, p <.001 at time 2, and r = .20,
p <.001 at time 3). After accounting for the stability of
older and younger sibling alcohol use across time, and
residual correlations at each time point, there were sig-
nificant effects of older siblings’ alcohol use on younger
siblings’ subsequent alcohol use, but not younger siblings’
alcohol use on older siblings’ subsequent alcohol use; this

was the case for each developmental transition (see Fig. 2
for details). As expected, this association was stronger for
the transition in earlier adolescence (f = .25, p <.001) than
in the transition for young adulthood (f=.11, p =.009).

Moderation Analyses

We next evaluated whether model results varied across
several sibling contextual variables. There was no sig-
nificant moderation, as determined by the non-significant
decrement in model fit in comparing the variant and
invariant models, by sibling gender composition (Time 1 to
Time 2: SB x* (4) = 1.20, p = .88; Time 2 to Time 3: SB %>
(4)=3.83, p=.43), family type (Time 1 to Time 2: SB
x> (4)=13.33, p=.50; Time 2 to Time 3: SB x* (4) = 3.05,
p =.55), sibling shared ethnicity (Time 1 to Time 2: SB y*
(2)=1.36, p=.51; Time 2 to Time 3 SB X2 2)=.70,
p =.71), sibling companionship at Time 2 (Time 1 to Time
2:SB XZ 4)="17.72, p=.10; Time 2 to Time 3 SB X2 4 =
1.29, p = .86), or by sibling co-residence at Time 3 (Time 2
to Time 3: SB %? (2) = .87, p = .65). However, there were
three significant moderation effects: (1) sibling age differ-
ence significantly moderated the cross-paths from Time 2 to
Time 3 (SB X2 4)=12.75, p=.01), (2) sibling compa-
nionship at Time 1 significantly moderated the cross-paths
from Time 1 to Time 2 (SB X2 (4)=10.40, p = .03), and 3)
sibling co-residence at Time 2 significantly moderated the
cross-paths from Time 2 to Time 3 (SB x2 (2)=9.27,
p=.01), These moderation results are illustrated in
Figs. 3-5 and are described below.

As shown in Fig. 3, across all three age groups, older
siblings’ alcohol use at Time 1 significantly predicted
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Fig. 2 The developmental
unfolding of sibling influences
on alcohol use over time. This
figure shows the standardized
(unstandardized) coefficients
and fit statistics from the cross-
lagged model analyzing sibling

Fit Statistics:
N=613
?=6.78on4df (p=.15)
RMSEA = .034
CFI=1.00
TLI = .98
SRMR = 017

influences on alcohol use over 0S Alcohol 41%5% (48) OS Alcohol Use 46%+* (34) OS Alcohol Use
time. OS older sibling, YS Use . i (T2, Mage =19.4) : : (T3, Mage =23.5)
younger sibling, 71 Time 1, T2 (T1, Mage =16.1) RI=17%%* R2= 21%**
Time 2, 73 Time 3, Mage mean 5
. 25dokok
age in years of older and ;
younger siblings at each (30)
assessment. For clarity of gk 4 274 Dokk
presentation, gray/dashed paths (74 (.95) (45)
are not significantly different ;
than zero. Statistical significance -00 -.01
is denoted by *p < .05, (-.01)/ x.,Ol)"
#5p < 01, #¥p < 001 ;
YS Alcohol Use ,'/"-32*** (.56) YS Alcohol Use |/ 38%%k (132) YS Alcohol Use

(T1, Mage =13.8)

subsequent younger siblings’ alcohol use at Time 2. The
only significant differences concern the Time 2 to Time 3
developmental transition. Younger sibling’s alcohol use at
Time 2 significantly predicted subsequent older siblings’
alcohol use at Time 3, but for those closest in age (within
1.5 years). This is the first instance in which younger sib-
lings’ alcohol use predicted older siblings’ alcohol use and is
consistent with the notion that younger siblings also appear
to be important socializing agents of their older siblings’
alcohol use, at least concerning the transition from late
adolescence to early adulthood.

The only other difference in Time 2 to Time 3 cross-
paths was that older siblings’ alcohol use at Time 2 pre-
dicted younger siblings’ alcohol use at Time 3, but only for
those that are 1.5 to 2 years of age (the middle age differ-
ence group). Making sense of this result requires looking at
the overall picture of findings for those greater than 2 years
of age apart and those less than 1.5 years (Fig. 3). For those
greater than 2 years apart, neither older nor younger sib-
lings’ alcohol use in late adolescence was a salient predictor
of subsequent siblings’ alcohol use in early adulthood (i.e.,
Time 2 to Time 3). For those within 1.5 years of age,
younger siblings’ alcohol use was shown to be a more
salient predictor than older siblings’ alcohol use in pre-
dicting subsequent early adult alcohol use (as discussed
above, concerning Time 2 to Time 3). For those in the
middle (1.5 to 2 years of age apart), older siblings’ alcohol
use in late adolescence remained a significant predictor of
younger siblings’ alcohol use in early adulthood (i.e., from
Time 2 to Time 3). These results suggest older siblings are
important socializing agents of their younger siblings’
alcohol use, perhaps more so in early adolescence, parti-
cularly if they are further apart in age, and that younger
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(T3, Mage =21.2)

(T2, Mage =17.1)
R2 = 19%k*

Rl = 22%%*x

siblings are also important socializing agents of their older
siblings’ alcohol use, but only if they are close in age
(within 1.5 years of age), and only pertaining to the late
adolescent to early adult developmental transition.

As shown in Fig. 4, the results showed that younger
siblings’ alcohol use at Time 1 significantly predicted older
siblings’ alcohol use at Time 2, but only for those with the
highest levels sibling companionship at Time 1 (75th per-
centile or higher; b= .24, f=.15, p=.04; SB XZ 4=
10.40, p = .03). No other significant differences were found
(see Fig. 4 for details). This is the second instance in which
younger siblings’ alcohol use significantly predicted sub-
sequent older siblings’ alcohol use and in combination with
age difference moderation results suggests that younger
siblings are important socializing agents of their older sib-
lings’ alcohol use, but only if they have high levels of a
close and companionate relationship in early adolescence or
if they are close in age in later adolescence. As younger
siblings drink less than older siblings at Time 1 (see
Tables 1-2 for descriptive statistics), we conducted follow-
up analyses to evaluate the rates of older and younger sib-
ling alcohol use at Time 1 for those with the highest levels
of sibling companionship and compared these to the aver-
age rates for the entire sample. Although the average fre-
quency X quantity alcohol score for younger siblings at high
levels of companionship (M = —.22, SD =.75) were not
that different for the average score for entire sample of
younger siblings (M = —.25, SD = .74), we found that older
siblings at high levels of companionship drank somewhat
less (M = .14, SD = 1.03) compared to the entire sample of
older siblings (M = .25, SD = 1.10).

Finally, and as shown in Fig. 5, older siblings’ alcohol
use at Time 2 significantly predicted younger siblings’
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Fig. 3 Moderation by sibling age
difference. a Results for sibling with
age difference 1.5 years or less (n =
98), b results for sibling with age
difference 1.5 to 2 years (n = 149),
c results for sibling with age
difference 2+ years (n = 366). This
figure shows the standardized
(unstandardized) coefficients from
the cross-lagged model analyzing
sibling influences on alcohol use
over time. OS older sibling, YS
younger sibling, 71 Time 1, 72
Time 2, 73 Time 3, Mage mean age
in years of older and younger
siblings at each assessment. This
model that allowed all paths to vary
fit the data well, as indicated by the
fit statistics: y> (12) = 14.57, p
=.27; RMSEA = .03 (.00, .08),
CFI =1.00, TLI =.98, SRMR
=.023. Sibling age difference
significantly moderated the Time 2
to Time 3 cross-paths (SB XZ 4)=
12.75, p = .01). For those closest in
age (with 1.5 years or less), younger
siblings’ alcohol use in adolescence
had a more salient effect on
subsequent older siblings’ alcohol
use in early adulthood than vice
versa. Conversely, for those greater
than 2 years apart, neither older nor
younger siblings’ alcohol use in late
adolescence is a salient predictor of
alcohol use in early adulthood. For
those in the middle (1.5 to 2 years of
age apart), older siblings’ alcohol
use in late adolescence remained a
significant predictor of younger
siblings’ alcohol use in early
adulthood. For clarity of
presentation, black paths indicate
significant associations, whereas
gray/dashed paths are not
significantly different than zero.
Statistical significance is denoted by
*p <.05, ¥p <.01, ¥*¥p <.001

alcohol use at Time 3, but only for those siblings who lived
together (for at least half the year) at Time 2. Conversely,
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for siblings who did not live together (for at least half the

year), younger siblings’ alcohol use at Time 2 was actually
significantly and inversely related to older siblings’ alcohol
use at Time 3. This suggests sibling co-residence is an
important factor in considering whether older or younger
siblings have an impact on one another’s drinking in the late
adolescence to early adult transition.

YS Alcohol Use
(T2, Mage =17.1)
R2 = 27%%*

36%* (31)

;
R2 = .20%*+

244k

(51)

YS Alcohol Use
(T3, Mage =21.2)

R2 = 15%**

Sibling Gender Composition x Sibling Companionship
Interactions

There was no significant moderation of cross-paths between
sibling gender composition x sibling companionship from
Time 1 to Time 2 (using Time 1 sibling companionship; SB
x> (16) = 16.85, p = .40) or from Time 2 to Time 3 (using
Time 2 sibling companionship; SB %> (16) = 9.93, p = .87).
As our hypotheses concerned a comparison of males
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Fig. 4 Moderation by sibling
companionship at T1. a Results
for low sibling companionship
levels at T1 (n = 160), b results
for average sibling
companionship levels at T1 (n
= 283), ¢ results for high sibling
companionship levels at T1 (n
= 167). This figure shows the
standardized (unstandardized)
coefficients from the cross-
lagged model analyzing sibling
influences on alcohol use over
time by low, average, and high
sibling companionship levels.
OS older sibling, YS younger
sibling, 71 Time 1, 72 Time 2,
T3 Time 3, Mage mean age in
years of older and younger
siblings at each assessment. This
model that allowed all paths to
vary fit the data well, as
indicated by the fit statistics: x°
(12)=11.20, p =.51; RMSEA
=.00 (.00, .07), CFI = 1.00,
TLI=1.00, SRMR = .022.
Time 1 sibling companionship
significantly moderated the
associations between Time 1 and
Time 2 cross-paths (SB Xz 4)=
10.40, p = .03). As shown in the
Figure, younger siblings’ alcohol
use at Time 1 significantly
predicted older siblings’ alcohol
use at Time 2, but only for those
with high levels of sibling
companionship. For clarity of
presentation, black paths
indicate significant associations,
whereas gray/dashed paths are
not significantly different than
zero. Statistical significance is
denoted by *p < .05, **p < .01,
**¥p <.001

and females at high levels of companionship, a subsequent
analysis was conducted to compare these two groups.
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Results showed no significant differences in associations

from Time 1 to Time 2 (SB x2 (1)=.55, p=.55) or

from Time 2 to Time 3 (SB x* (2)=.68, p=.72).

Thus, results did not support our expectations regarding
moderation by sibling gender composition and sibling
companionship, possibly due to having less power with the
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Sensitivity and Alternative Model Testing

gender composition X companionship sub-group sizes (see
Table 1).

We conducted a number of post-hoc analyses to determine
if modeling choice or coding may have impacted results.
Figure 6 shows results of our longitudinal analysis using a
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Fig. 5 Moderation by sibling co-residence at Time 2. a Results for
siblings who do not live together for at least half the year at T2 (n =
149), b results for siblings who do not live together for at least half the
year at T2 (n=387). This figure shows the standardized (unstandar-
dized) coefficients from the cross-lagged model analyzing sibling
influences on alcohol use over time by sibling co-residence at Time 2.
OS older sibling, Y younger sibling, 7/ Time 1, 72 Time 2, 73 Time
3, Mage mean age in years of older and younger siblings at each
assessment. This model that allowed all paths to vary fit the data well,
as indicated by the fit statistics: x> (8) = 11.13, p = .20; RMSEA = .04
(.00, .09), CFI=.99, TLI=.98, SRMR =.021. Time 2 sibling

random-intercept cross-lagged panel (Hamaker et al. 2015),
which accounts for both within- and between-individual
variation in older and your sibling alcohol use over time. As
shown in Fig. 6, this model accounts for overall variation in
alcohol use across time by having alcohol use at Times 1, 2,
and 3 load onto a latent factor of alcohol use for both older
and younger siblings, and correlates these two latent factors
(in addition to modeling the stability paths, cross-paths, and
residual correlations between older and younger sibling
alcohol use at each time point). As the correlations between
Time 1 and Time 3 alcohol use were quite small for both
older and younger siblings to begin with (rs=.13, ps
<.001; see Table 2), this model had difficulty converging.
To deal with this, we set the Time 3 loading to zero for both
the latent older and younger sibling alcohol use variables
and the model successfully converged (we confirmed

co-residence significantly moderated the associations between Time 2
and Time 3 cross-paths (SB x> (2) =9.27, p=.01). As shown by the
figure, older siblings’ alcohol use at Time 2 significantly predicted
younger siblings’ alcohol use at Time 3, but only for those siblings who
lived together. Conversely, for siblings who did not live together,
younger siblings’ alcohol use at Time 2 was significantly and inversely
related to older siblings’ alcohol use at Time 3. For clarity of pre-
sentation, black paths indicate significant associations, whereas gray/
dashed paths are not significantly different than zero. Statistical sig-
nificance is denoted by *p <.05, **p <.01, ***p <.001

essentially identical results when setting the Time 1 loading
to zero). As shown in Fig. 6, the overall pattern of effects
from the random-intercept cross-lagged model were con-
sistent with our traditional cross-lagged model results in that
older siblings’ alcohol use had a significant effect on sub-
sequent younger siblings’ alcohol use across both devel-
opmental transitions (with evidence these effects were
stronger from early to late adolescence vs. late adolescence
to early adulthood). Consistent with our earlier results,
younger siblings’ alcohol use did not have a significant
impact on their older siblings’ subsequent alcohol use across
either developmental transition.

We also confirmed results were consistent when we
included the main effects of sibling companionship into our
model. As shown in Fig. 7, results confirmed the same
pattern of results in that older siblings’ alcohol use predicted
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Fit Statistics:
N=613
X (1)=1.52,p=.22

OS Alc Use
Between

'37*;#' 3 .00
(1.00) (-:00)

R2=1.0 .
Y ey

/ R2=1.0

OS Alc Use
(T1, Mage =16.1)
Within

32%% (138)

OS Alc Use
(T1, Mage =19.4)

RMSEA = .03 (.00, .11) 0S Alc Use 0S Alc Use OS Alc Use
CFl=1.00 (T1, My = 16.1) (T2, My =19.4) (T3, My =23.5)
TLI =.99 oo e Lo
SRMR.= 008 (1.00) (1.00) R2=.09% (1.00)  R2— pgwex

OS Alc Use
(T3, Mage =23.5)

49%%% (.40)

Fig. 6 Results using Hamaker et al.’s (2015) random-intercept cross-
lagged panel approach. Showing standardized (unstandardized) coef-
ficients and model fit statistics from the cross-lagged model analyzing
sibling influences on alcohol use over time. OS older sibling, YS
younger sibling, 77 Time 1, 72 Time 2, 73 Time 3, Mage mean age in
years of older and younger siblings at each assessment. This model
accounts for both within and between person effects through the
incorporation of modeling latent and time-invariant influences on
alcohol use over time, as well as the correlation between older and
younger siblings’ latent alcohol use (in addition to the within-sibling
stability and rank-order change as measured by the traditional cross-
lagged panel results presented in Fig. 2). Results using this more
advanced analysis show overall the same pattern of results in that older

younger siblings’ alcohol use across each developmental
transition, with effects stronger from early to late adoles-
cence (ff = .25, p <.001) compared to late adolescence and
early adulthood (f=.11, p=.01). Younger siblings’ alco-
hol use did not significantly predict older siblings’ alcohol
use for either developmental transition (see Fig. 7 for
details). Interestingly, only older siblings’ perceived sibling
companionship with their younger sibling predicted sub-
sequent rank-order decreases in alcohol use, and only from
Time 2 to Time 3 (f = —.10, p = .02); no other within-time
correlations or prospective associations were significant (see
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siblings’ alcohol use significantly predicted younger siblings’ sub-
sequent alcohol use across both developmental transitions, while
younger siblings’ alcohol use did not predict older siblings’ subsequent
alcohol use across either developmental transition. Note: Time 1 and
Time 3 alcohol use were not highly correlated for either younger or
older sibling and this model would not converge unless we specified
the loading to equal zero for either Time 3 or Time 1 (we confirmed
the same pattern of results with either the Time 1 or Time 3 loading set
to zero). For clarity of presentation, black paths indicate significant
associations, whereas gray/dashed paths are not significantly different
than zero. Statistical significance is denoted by *p <.05, **p < .01,
*Ep <.001

Fig. 7 for details). To double check whether our moderation
results involving sibling companionship at Time 1 (descri-
bed earlier and shown in Fig. 4) changed as a result of
adding in these main effects, we re-ran our moderation
analyses with them included. Results were replicated in that
that younger siblings’ alcohol use at Time 1 was a sig-
nificant predictor of older siblings’ alcohol use at Time 2,
but only for those with high levels of sibling companionship
(high: b= .24, p=.14, p=.01; middle: b=—.14, f=
—.07, p=.10; low; b= —.03, = —.02, p=.62) and that
constraining the Time 1 to Time 2 cross-paths resulted in a
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Fig. 7 Results after accounting for sibling companionship main
effects. Showing standardized (unstandardized) coefficients and model
fit statistics from the cross-lagged model analyzing sibling influences
on alcohol use over time. OS older sibling, YS younger sibling, 77
Time 1, 72 Time 2, 73 Time 3, Mage mean age in years of older and
younger siblings at each assessment. After accounting for the within-
time correlation between sibling companionship and alcohol use, and
the prospective association between earlier sibling companionship and
later alcohol use for each sibling, results showed the same pattern of

significant decrement of model fit (SB xz (4)=10.06,
p=.04).

We also conducted a sensitivity analysis by confirming
whether results were consistent when recoding sibling age
difference variable as dichotomous variable and a sub-set of
the original sample (2 or years apart in age or less: n =247,
40% of the sample vs. 3 or more years apart in age: n = 130,
21% of the sample) as this may be more generalizable
beyond our sample. Using this dichotomous variable

effects as the model that excluded these main effects. Older siblings’
alcohol use predicted younger siblings’ alcohol use across each
developmental transition, with effects stronger from early to late
adolescence compared to late adolescence and early adulthood.
Younger siblings’ alcohol use did not significantly predict older
siblings’ alcohol use for either developmental transition. For clarity of
presentation, gray/dashed paths are not significantly different than
zero. Statistical significance is denoted by *p <.05, **p<.01,
**¥p <001

showed no significant moderation by sibling age difference
(Time 1 to Time 2 cross-paths: SB Xz (2)=3.05, p=.22;
Time 2 to Time 3 cross-paths: SB X2 2)=1.54, p=.46),
suggesting younger siblings’ may only have a significant
impact if they are particularly close in age (less than 1.5
years of age apart, as described in our earlier analysis).
Finally, to determine whether results would hold up after
accounting for other important predictors of adolescent
alcohol use, we examined model results when including
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Fig. 8 Results after accounting for parent-child relationship quality,
parent alcohol use, antisocial peer affiliation, and sibling conflict at
baseline. Showing standardized (unstandardized) coefficients and
model fit statistics from the cross-lagged model analyzing sibling
influences on alcohol use over time. OS older sibling, YS younger
sibling, 7/ Time 1, 72 Time 2, 73 Time 3, Mage mean age in years of

covariates of mother and father-child relationship quality,
mother and father frequency of alcohol use in the last
12 months, as well as antisocial peer affiliation and sibling
conflict (all assessed at baseline). As shown in Fig. 8,
inclusion of these covariates did not impact the overall
pattern of results. This suggests older siblings’ alcohol use
has statistically and practically significant impacts on sub-
sequent younger siblings’ alcohol use, particularly in the
developmental period of early adolescence to late
adolescence.

Discussion

Prior research has shown siblings are quite similar in their
alcohol and substance use (D’Amico and Fromme 1997,
Fagan and Najman 2005; Rowe and Gulley 1992) and that
this similarity is at least in part explained through older
siblings’ facilitation of use, sibling co-use, and modeling of
older sibling substance use behavior (McGue and Iacono
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2009; Samek et al. 2015a; Whiteman et al. 2013, 2016).
However, much of this research has been on cross-sectional
samples of adolescents alone or has focused exclusively on
older sibling’s impact on younger siblings’ alcohol and
substance use. The purpose of this study was to expand on
this work by evaluating the prospective associations
between older and younger siblings’ alcohol use in the
important developmental transitions of not only early to late
adolescence, but also through early adulthood, when alco-
hol use is most common (SAMHSA 2014). Results are
consistent with the notion that older siblings are important
socializing agents of their younger siblings’ alcohol use
(Whiteman et al. 2016; Samek et al. 2015a). Our study
showed that this appears to be true across a number of
sibling contexts, including sibling gender composition,
shared ethnicity, whether siblings are adopted or biological
offspring of their parents, and at different levels of sibling
relationship companionship. Results are also consistent with
the notion that younger siblings appear to be less influential
socializing agents of their older siblings’ alcohol use, unless
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siblings are close in age (1.5 years or less) or report high
levels of companionship. This was an important contribu-
tion to the literature as we know of no research to date that
has simultaneously evaluated both older and younger sib-
lings’ influences on one another’s alcohol use via a long-
itudinal design and analysis.

Altogether, results align well within a social contagion or
deviancy training framework in understanding the impact of
older or younger siblings’ alcohol use (Rende et al. 2005;
Slomkowski et al. 2001) and this appears to be consistent
for brothers, sisters, and mixed gender sibling pairs. Thus,
results did not meet our expectations that brothers may be
more likely to engage in deviancy training than sisters, at
least not at these developmental transitions. Taken with
prior research, it may be that brothers are particularly
influential in early compared to later adolescence (in line
with Slomkowski et al. 2001 which evaluated early ado-
lescent delinquency of younger siblings based on older
siblings delinquency and sibling relationship quality) or that
perhaps larger sample sizes are needed to detect differences
in brothers vs. sisters impact (in line with Samek et al.
2015b who did not evaluate differences in birth order thus
had more power to compare effects by sibling gender).
Further research is needed to better understand the extent to
which sibling gender composition and relationship close-
ness interact to predict other substance use or related
externalizing behavior.

Siblings as “Partners in Crime”

A deviancy training theory proposes that deviant children
may form coalitions with one another within the family,
which in turn will promote further deviancy via the sibling
relationship (Bullock and Dishion 2002). This is also
known as the siblings as “partners in crime” theory (Slom-
kowski et al. 2001). Our study suggests older siblings
appear to have a particularly strong impact in forming such
coalitions with their younger siblings, as older siblings’
alcohol use was significantly associated with younger sib-
lings’ alcohol use across time. Nonetheless, the effect size
for this association is stronger from early to late adolescence
than from late adolescence to early adulthood.

There are at least two possible explanations for this
pattern of findings. First, siblings may spend less time
together as they transition into early adulthood—thus older
siblings’ may not be around as much for younger siblings to
model their drinking behavior. This is consistent with our
results showing older siblings’ alcohol use in late adoles-
cence was a significant predictor of younger siblings’
alcohol use in early adulthood, but only for those siblings
who lived together for at least half the year in late adoles-
cence. Second, there is some evidence that children and
young adolescents tend to be more malleable or sensitive to

environmental context compared to later on in adulthood
(Kendler et al. 2011). For example, Samek et al. (2017)
showed that antisocial peer affiliation significantly moder-
ated the additive genetic influence on adolescent externa-
lizing disorders (including substance use disorders), such
that the additive genetic influence on externalizing dis-
orders was greater under conditions of a greater degree of
antisocial peer affiliation and smaller under a lesser degree
of antisocial peer affiliation. This finding is consistent with
a diathesis-stress explanation for the development of ado-
lescent externalizing problems, but was most remarkable
was that this finding did not hold up in later young adult-
hood. That is, there was no evidence of gene-environment
interaction involving antisocial peer affiliation and adult
externalizing disorders at ages 20, 24, and 29. Similar
results have been found for gene-environment interaction
involving parent-child relationship problems and externa-
lizing disorders at ages 17 but not at ages 20 or 24 (Samek
et al. 2015), supporting the notion that gene-environment
interaction involved in substance use and externalizing
disorders may be developmentally-limited to adolescence.
This is consistent with our results, which showed that older
siblings may be particularly influential for younger siblings
in early adolescence relative to later adolescence and early
adulthood.

One of the most interesting findings from this study was
a demonstration that younger siblings’ alcohol use sig-
nificantly predicted older siblings’ subsequent alcohol use—
earlier in development in some cases (under high levels of
sibling companionship) and later in development in other
cases (if they were close in age). These findings suggest that
younger siblings may be important socializing agents of
their older siblings’ alcohol use, at least in some instances.
Thus, social learning, deviancy training, and modeling
explanations (e.g., Whiteman et al. 2013) may need to be
expanded to include circumstances in which older siblings
might model younger siblings’ behavior as well as general
circumstances when younger siblings are most likely to
model older siblings’ behavior. As younger siblings’ alcohol
use was associated with their older siblings’ subsequent
alcohol use—but only for those close in age or those with
greater than average levels of sibling companionship or
relationship closeness—it appears that at least some iden-
tification factors may be more relevant to whether and how
much younger siblings can impact their older siblings’
alcohol use. On the other hand, our results suggest this is
not necessarily the case for the extent to which older sib-
lings’ alcohol use can impact younger siblings’ alcohol use.

Practical Implications

The formation of collusive or deviant sibling relationships
remains an important area to address in existing adolescent
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alcohol and substance use prevention and intervention
programs. A multitude of programs have long addressed
various components important to adolescents’ lives, such as
aspects of parenting behavior and monitoring, as well as
issues at school or in the community (for a review, see
Griffin and Botvin 2010). However, there is little attention
to siblings in programs aimed to reduce adolescent alcohol
or substance use. At the very least, results from this study
and others (McGue and Iacono 2009; Samek et al. 2015a;
Slomkowski et al. 2001; Whiteman et al. 2016) suggest it
may be important to assess the alcohol use of target ado-
lescents/early adults, as well as their older and younger
siblings’ alcohol use. It may also be important to assess their
overall relationship quality with those siblings and the
extent to which siblings may be facilitating or using alcohol
together. As our findings suggest older siblings may have a
stronger impact on younger sibling alcohol use in early
rather than later adolescence, it may be particularly bene-
ficial to target those with an older or younger sibling in
early adolescence. Finally, it may also prove to be useful to
consider targeting or co-treating siblings for substance use
problems for the particularly deviant or collusive sibling
relationships (Bullock and Dishion 2002). However, it may
be important to treat each member of the sibling pair indi-
vidually, as prior research has shown that treating deviant
peer groups may inadvertently reinforce deviant behavior,
and therefore fail at reducing problematic behavior (Dishion
et al. 1999).

Limitations and Strengths

This study is not without limitations. We did not have data
on sibling companionship in early adulthood and were
unable to evaluate how early adult sibling companionship
may have impacted or moderated the associations between
older and younger sibling alcohol use from late adolescence
to early adulthood. Also, there may be other aspects of
sibling relationship quality important to offsetting or
amplifying sibling influences on alcohol and substance use
that we did not study here, such as the overall level of
conflict, competition, or aggression in the sibling relation-
ship. Although the sample was diverse due to the inclusion
of international adoptees, the sample was mostly white or of
Asian ancestry, and it is unclear how results would replicate
across other ethnic and racial groups. Siblings in this study
were only up to 5 years of age apart, therefore it is unclear
how much older or much younger siblings may be relevant
to the development of adolescent and adult alcohol use.
There are many notable strengths of this study, including
the longitudinal nature and size of the sample. Our ability to
tease apart the prospective associations between older and
younger siblings’ alcohol use on one another suggests that
younger siblings appear to also be socializing their older
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siblings, but only under some conditions (being close in age
and having higher than average levels of sibling compa-
nionship). The large sample size allowed us to evaluate for
potential moderation by several important aspects of sibling
context (e.g., age differences, gender composition, etc.) and
to better understand to what extent these findings are more
universally applied to sibling relationships vs. being
dependent on factors such as gender composition or family

type.

Conclusion

Siblings have long been shown to be moderately to sub-
stantially similar in their adolescent alcohol and substance
use (e.g., Fagan and Najman 2005; Rowe and Gulley 1992).
Yet little research had addressed antecedent vs. con-
sequence in these relationships and tended to focus on how
older siblings impacted younger siblings in cross-sectional
analyses or analyses limited to adolescence alone (e.g.,
Samek et al. 2015a; Whiteman et al. 2013, 2016). This
study addresses a number of these gaps, including the
detangling of older to younger vs. younger to older effects
in the critical transition from early adolescence to early
adulthood. Our results align well within a deviancy training
framework (Slomkowski et al. 2001) and suggest it may be
important for current adolescent alcohol and substance use
prevention programs to at the very least consider assessing
sibling alcohol use, relationship quality, as well as facil-
itation of or co-use (Samek et al. 2015a; Whiteman et al.
2016). Our results show older siblings are important
socializing agents of their younger siblings’ alcohol use.
This held true across a number of sibling contexts
(including gender composition, age difference, shared vs.
unshared genetic relationships, relationship closeness).
Notably, we found younger siblings’ alcohol use was pre-
dictive of their older siblings’ alcohol use when they were
close in age and reported relatively high levels of sibling
companionship. This finding has particularly important
implications for our theorizing on sibling relationships and
deviancy training generally, as it calls attention to the fact
that younger siblings may be just as important socializing
agents of their older siblings’ alcohol use.
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