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ABSTRACT. Objective: This study builds on previous work delineat-
ing a hierarchical model of family environmental risk in relation to a 
hierarchical model of externalizing disorders (EXTs) by evaluating for 
gene–environment interplay in these relationships. The associations be-
tween parent–child relationship quality (confl ict, bonding, and manage-
ment) and substance-specifi c adolescent family environments (parental/
sibling tobacco/alcohol use) in relation to young adult EXTs (age ~22 
years nicotine, alcohol, and other drug dependence; antisocial and risky 
sexual behavior) were evaluated. Method: The sample included 533 
adopted offspring and 323 biological offspring. Because adopted youth 
do not share genes with their parents, a signifi cant association between 
parent–child relationship quality and EXTs would provide evidence 
against passive gene–environment correlation (rGE). Signifi cant as-
sociations between parental tobacco/alcohol use in relation to offspring 
nicotine/alcohol dependence in the adopted offspring support common 

environmental infl uence. Signifi cant associations detected for the bio-
logical offspring only suggest common genetic infl uence. Results: For 
both adoptive and biological offspring, there was a signifi cant association 
between parent–child relationship quality and EXTs. Parental tobacco/
alcohol use was unrelated to EXTs. Sibling tobacco/alcohol use was 
related to EXTs, but only for the biological siblings. Parental tobacco 
use was associated with the residual variance in nicotine dependence in 
adopted offspring. Conclusions: Findings replicate a long-term infl uence 
of adolescent parent–child relationship quality on adult EXTs. Findings 
extend previous research by providing evidence against passive rGE in 
this association. The association between parental tobacco use and adult 
nicotine dependence appears to be environmentally mediated, but cau-
tion is warranted as we found this relationship only for adopted youth. 
(J. Stud. Alcohol Drugs, 75, 623–634, 2014)
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SUBSTANCE USE PROBLEMS ARE moderately corre-
lated across substance type (e.g., alcohol and illicit drug 

dependence; Hasin et al., 2007), as well as with antisocial 
behavior (King et al., 2004; Krueger et al., 2002; McGue and 
Iacono, 2005; Ramrakha et al., 2007), risky sexual behavior 
(Bailey et al., 1999; Khan et al., 2012), and personality 
characteristics such as impulsivity or negative emotionality 
(Chassin et al., 2004; McGue et al., 1999). This clustering 
of behaviors has been interpreted as an expression of a gen-
eral liability to externalizing disorders (EXTs; Iacono et al., 
2003; Krueger et al., 2002), which is largely infl uenced by 
common genetic factors (e.g., Hicks et al., 2011; McGue et 
al., 2006; Prescott et al., 2006). Nonetheless, past work has 
identifi ed a nonnegligible degree of substance-specifi c vari-

ance that is not explained by the general EXT liability (New-
comb and McGee, 1991). For example, between 8% and 
16% of genetic variance in substance dependence outcomes 
at age 17 is unique and not shared with other substances or 
related externalizing behaviors (Hicks et al., 2011). Similar 
residual genetic infl uences on substance use disorders have 
been reported for adults (Kendler et al., 2003). Unique en-
vironmental infl uences on substance use disorders are also 
evident, such as whether specifi c substances are available 
(Baker et al., 2012; Gillespie et al., 2009).
 To better understand sources of common and unique in-
fl uences on substance use disorders, Bailey et al. (2011) pro-
posed a hierarchical model of family environmental risk that 
follows the hierarchical model of EXT liability (described 
in Figure 1). Three distinct characteristics of the adolescent 
family environment were evaluated: the general family 
environment (measured by reports of parent–child relation-
ship quality), the family smoking environment (measured 
by parental and sibling smoking), and the family drinking 
environment (measured by parental and sibling drinking). 
Bailey et al. found evidence for a relationship between the 
general adolescent family environment and a general factor 
of adult EXTs and that substance-specifi c family smoking 
and drinking environments during adolescence explained 
unique variance in adult nicotine and alcohol dependence 
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symptoms (after accounting for EXT liability). Bailey 
and colleagues concluded that interventions targeting the 
general, as well as substance-specifi c, family environments 
may have benefi cial effects on young adult EXTs and that 
this general/specifi c analytic plan may be useful for future 
genetic studies.
 To better understand the etiology of the relationships 
reported by Bailey et al. (2011), we aimed to replicate and 
extend this study by evaluating the proposed model in a 
sample of adopted youth, who are genetically unrelated to 
their parents and siblings, and in a sample of youth who 
are biologically related to their parents and siblings. As 
adoptees do not share genes with their rearing parents, a 
signifi cant relationship between parental tobacco use and 
subsequent adoptee nicotine dependence evidences envi-
ronmental infl uences in this association. Conversely, if the 
association between parental tobacco use and subsequent 
offspring nicotine dependence is only evident in genetically 

related parents and offspring, this would provide support 
for genetic infl uences in this association. The same ratio-
nale is true for the relationship between parental alcohol 
use and offspring alcohol use disorder and between sibling 
smoking and drinking in relation to offspring adult sub-
stance use disorders.
 Using our adoption sample to understand the etiology 
of the relationship between the general adolescent family 
environment (i.e., adolescent parent–child relationship qual-
ity) and adult EXTs is somewhat more complex. It could be 
that an adoptee’s report of parent–child relationship quality 
is infl uenced by the adoptee’s genetic predispositions. In 
fact, previous research found that parent–child relationship 
quality is heritable (Ludeke et al., 2013) and that common 
genetic infl uences are evident in the relationship between 
parent–child relationship quality and EXT in adolescence 
(e.g., Neiderhiser et al., 1999; Pike et al., 1996), which is 
often interpreted as gene–environment correlation (rGE).

FIGURE 1. Conceptual model depicting study hypotheses. The independent variables of parental and sibling tobacco and alcohol use and parent–child rela-
tionship quality during adolescence were measured as predictors of adult externalizing behavior. Parent–child relationship quality was measured as a latent 
factor, indicated by adolescent reports of confl ict, bonding, and management (indicators not shown here for clarity of presentation). Socioeconomic status 
(SES) was included as a covariate in this model. All variables were age-, sex-, and ethnicity-adjusted before analysis. Adult externalizing behavior was also 
measured as a latent factor, indicated by Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, clinical symptoms of nicotine dependence 
(NcD), alcohol dependence (AlD), illicit drug dependence (DrD), adult antisocial behavior (AAB), and a measure of risky sexual behavior. The associations 
between all independent variables and adult externalizing behavior were examined, in addition to the relationship between parental and sibling tobacco use 
with the residual variance of NcD symptoms, and between parental and sibling alcohol use to the residual variance of AlD symptoms.
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 Passive rGE refers to the situation in which parents 
provide both gene endowment and rearing environment for 
their biologically related children, making it impossible to 
distinguish whether the association between parenting and 
child outcomes is attributable to genetic or environmental 
infl uence (Scarr and McCartney, 1983; also see Dick, 2011). 
Evocative rGE refers to the situation in which parents may 
be responding to their children’s genetically infl uenced EXT 
traits, again making it impossible to distinguish between ge-
netic or environmental infl uence in the relationship between 
parenting behavior and adolescent outcomes. Twin studies 
are unable to distinguish between passive versus evocative 
rGE because parents and children share genes. However, 
because adoptive parents and offspring are not genetically re-
lated, a signifi cant association between parent–child relation-
ship quality and EXTs in adoptive families is inconsistent 
with a passive rGE hypothesis. Adoption studies cannot rule 
out evocative rGE (adopted children may still evoke a unique 
adoptive parental response based on their unique genotype).
 In total, this study sought to build on previous research 
(e.g., Bailey et al., 2011; Hicks et al., 2011; Kendler et al., 
2003) evaluating common and specifi c infl uences on adult 
substance use and EXTs. We expected to replicate Bailey 
et al. (2011) by fi nding substance-specifi c associations (pa-
rental and sibling smoking would be associated with unique 
variance in adult nicotine dependence; parental and sibling 
drinking would be associated with unique variance in adult 
alcohol use disorder), as well as an association between more 
general aspects of the family environment (parent–child re-
lationship quality) with a general factor of adult EXTs. We 
extended these fi ndings by testing for common genetic and 
environmental infl uences on these associations through the 
use of a genetically informed, adoption design.

Method

Participants

 Participants were from the Sibling Interaction and Be-
havior Study (McGue et al., 2007), a longitudinal adoption 
study designed to investigate genetic and environmental 
infl uences on substance use and related behavioral problems. 
To participate, families were required to have at least two 
adolescent children up to 5 years apart in age and to live 
within driving distance of the laboratory. Each of the 617 
participating families included parents and two offspring: 
285 families included two adoptive offspring (genetically 
unrelated to either parent and to each other [adopt group]), 
208 families included two offspring genetically related to 
the rearing parents and to each other (bio group), and 124 
families included one biological offspring and one adoptive 
offspring (adopt-bio group).
 Adoptive family eligibility included having an adopted 
child between the ages of 11 and 21 years who had been 

permanently placed into the adoptive home before age 2 
(96% were placed before they were 1 year old) and having 
a second adolescent in the home who was not biologically 
related to the adopted adolescent. Adoptive families were 
identifi ed through three large adoption agencies. Biologi-
cal families were ascertained from public birth certifi cates 
of children and recruited to match the age and sex of the 
adopted children. Participation rates for nonadoptive (57%) 
and adoptive (63%) families were not signifi cantly different. 
A brief telephone interview was administered to the majority 
(73%) of nonparticipating families. There were no signifi cant 
differences in parental demographics—including marital 
status, education, occupation, and parent-reported behavioral 
disorders in their children—for participating and nonpartici-
pating adoptive families. The only difference for nonadoptive 
families was that participating mothers were more likely to 
be college educated than nonparticipating mothers (McGue 
et al., 2007). Altogether, these results suggest that any effects 
of participation bias are likely minimal.
 Comparing the parent’s education and marital status to 
2000 Census data showed that the study sample was gener-
ally representative of the region from which it was drawn 
(McGue et al., 2007). However, adoptive parents tended to 
have slightly higher socioeconomic status and lower rates of 
EXTs than nonadoptive parents (see McGue et al., 2007, for 
a detailed sample description). A total of 1,158 adolescents 
returned at Time 2 (94% retention), and 1,109 adolescents 
have participated in the ongoing Time 3 assessment (cur-
rently 90% retention). Of the 1,109 adolescents who visited 
at Time 3, 624 were adopted (25% domestic, 75% interna-
tional) and 485 were nonadopted. The overall mean ages at 
each time point were as follows: Time 1 Mage = 14.9 years 
(SD = 1.9), Time 2 Mage = 18.3 (SD = 2.1), and Time 3 Mage 
= 22.4 (SD = 1.9).
 Our primary aim was to test the conceptual model (Figure 
1) across adolescents who were genetically related versus 
unrelated to all family members. Therefore, we excluded off-
spring who were genetically related to their parents but not 
their siblings as target participants in our modeling (however, 
we did use their data to obtain sibling report of tobacco and 
alcohol use). Also, because of the variability in ages at each 
assessment (e.g., Time 1 range: 11–21 years), we selected 
environmental data from the fi rst assessment (Time 1 or 
Time 2) that the participant was at least 16.5 years of age or 
older (n = 202 from Time 1, n = 654 from Time 2) to better 
approximate Bailey et al.’s (2011) ages of assessment, for 
a total sample size of 856. Exclusion criteria for this sub-
sample and accompanying ns are described in Figure 2. Of 
the 856 participants, 533 were adopted (and not genetically 
related to their parents or sibling) and 323 were the biologi-
cal offspring of their parents (with a full biological sibling). 
Just over half of the participants were female (54.3%). Young 
adult EXTs were assessed at Time 3 for all participants. 
Thus, the measures of the adolescent family environment and 
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FIGURE 2.    Exclusion and inclusion criteria. The Sibling Interaction and Behavior Study has 613 sibling pairs (1,226 individuals) available for data analysis. 
This is broken up into three family types (see second row). For the present study’s analyses, bios from adopt-bio pairs were excluded as targets in the analysis. 
This was so that we could compare adolescents who were genetically related to parents and siblings with adolescents who were genetically unrelated to parents 
and siblings in one simultaneous model. We further excluded those who were 16.5 years or younger at either Time 1 or Time 2 (we used Time 1 or Time 2 data 
to assess independent variables and Time 3 to assess dependent variables; see Figure 1). This left us with 856 target adolescents for the analysis (533 adopt, 
323 bio). Adopted = adolescents who were not genetically related to parents or siblings; bio = adolescent biological offspring of parents with a full biological 
sibling; adopt-bio = families that include one biological offspring and one adoptive offspring.
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young adult EXTs were assessed at mean ages of 18.2 years 
(SD = 1.0) and 22.3 years (SD = 1.5), respectively. A total of 
796 of the 856 eligible participants for this subsample visited 
at Time 3 (93% retention). Demographics of the selected 
subsample are further described in Table 1.

Measures

 Parental and sibling tobacco and alcohol use during 
adolescence. As demonstrated on the left side of Figure 1, 
independent variables included parental and sibling tobacco 
and alcohol use during the target’s adolescence (Mage = 18). 
Tobacco and alcohol use were measured using the Substance 
Abuse Module (given to those 16 or older; Robins et al., 
1987)—an expanded version of the Composite International 
Diagnostic Interview (Robins et al., 1988)—or the Diagnos-
tic Interview for Children and Adolescents–Revised DSM-
III-R version (given to those 15 and younger; Reich and 
Welner 1988), and the Computerized Substance Assessment 
(given to all adolescents who came to the laboratory for an 
assessment; Han et al., 1999).
 Sibling tobacco use was measured by sibling’s report of 
tobacco use quantity (answered on a scale of 0 = never to 
6 = 2 or more packs/20 or more cigars/2 or more tins of 
snuff per day) and frequency (0 = never to 6 = every day or 
nearly every day) for the past 12 months (standardized and 
summed, α = .91). Sibling alcohol use was measured by the 
sibling’s report of alcohol use quantity (answered on a scale 
of 0 = none to 10 = ≥10 drinks) and frequency (answered on 
a scale of 0 = never to 5 = every day or nearly every day) for 
the past 12 months (standardized and summed, α = .89).
 Parental tobacco use was measured using mother’s and 
father’s report of tobacco use quantity (number of tobacco 
items used on a typical day, including cigarettes, cigars, 
pipes, chews; answered on a scale of 0 = none to 99 = indi-
cating too many count, capped at 50) and frequency (number 
of days in a month they typically smoked, answered on a 

scale of 0 = none to 30 = every day) for the past 12 months. 
Parental alcohol use was measured by mother’s and father’s 
report of alcohol use quantity (number of drinks drank per 
day, ranging from 0 = zero to 30 = indicating too many to 
count) and frequency (how often they drank, answered on 
a scale of 0 = none to 10 = three or more times per day) 
for the past 12 months. Mother and father variables were 
standardized, averaged, and summed to create the parental 
tobacco and alcohol use composites; α’s were .75 for paren-
tal tobacco use and .65 for parental alcohol use.
 Parent–child relationship quality. Parent–child relation-
ship quality during the target’s adolescence (Mage = 18; 
Figure 1) was measured with three scales using items from 
the Parent Environment Questionnaire (PEQ; Elkins et al., 
1997), which asks adolescents to rate items that describe 
their relationships with their parents on a scale of 1 (very 
true) to 4 (very false). Items were selected based on a close 
conceptual match to items used in Bailey et al. (2011). Each 
item was standardized and used in a summed scale (ratings 
of mother and father from the PEQ were averaged at the item 
level). Family management (α = .76) was measured using six 
PEQ items (e.g., “My [father/mother] doesn’t know much 
about how I spend my spare time”). Family confl ict (α = .85) 
was measured using four to six PEQ items, depending on 
whether Time 1 or Time 2 data were used (e.g., “My [father/
mother] and I often get into arguments”). Family bonding (α 
= .85) was measured using six PEQ items (e.g., “I don’t feel 
very close to my father/mother”).
 Young adult externalizing disorders. As demonstrated on 
the right side of Figure 1, dependent variables included the 
target adolescent’s EXTs in young adulthood (Mage = 22). 
DSM-IV (American Psychiatric Association, 1994) symp-
tom counts of alcohol dependence, nicotine dependence, 
and illicit drug dependence (illicit drug with the highest 
symptom count) were assessed using the Substance Abuse 
Module modifi ed to cover DSM-IV criteria. Adult antiso-
cial behavior (Antisocial Personality Disorder, Criterion A) 

TABLE 1. Demographics of the Sibling Interaction and Behavior Study subsample across adop-
tive status

 Adopt Bio Signifi cant
Variable (n = 533) (n = 323) difference

Age independent variables
 were assessed, M (SD) 18.24 (1.02) 18.13 (1.01) N.S.
Age dependent variables
 were assessed, M (SD) 23.00 (1.54) 22.96 (1.49) N.S.
% Female 56% 52% N.S.
% European ancestry 20% 95% p < .001
% Asian ancestry 68% 0% p < .001
% Other ancestry
 (African, Native, mixed) 12% 5% p = .01
SES, M (SD) .12 (.71) -.26 (.81) p < .001

Notes: This table denotes demographics across adopt and bio groups. Adopt = families that in-
cluded two adoptive offspring; bio = families that included two offspring genetically related to 
the rearing parents and to each other; N.S. = not signifi cant; SES = socioeconomic status (range: 
-2.26–1.32).
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was assessed using a version of the DSM-III-R Structured 
Clinical Interview for Personality Disorders (Spitzer et al., 
1987), modifi ed to cover DSM-IV criteria. Coded interviews 
were reviewed by pairs of individuals, and symptoms were 
assigned based on a review of the severity and frequency of 
reported behavior. Kappa coeffi cients were greater than .90 
for all substance use disorder diagnoses and .79 for adult 
antisocial behavior. Risky sexual behavior was measured us-
ing number of lifetime sexual partners from the Life Events 
Interview.

Analysis plan

 All analyses were conducted using structural equation 
modeling in Mplus Version 6.12 (Muthén and Muthén, 
1998–2012). Because of the diversity of the Sibling Inter-
action and Behavior Study (Table 1) and consistent with 
prior research (e.g., Burt et al., 2007; Samek et al., 2013), 
age, sex (1 = male, 2 = female), and ethnicity (1 = Euro-
pean ancestry, 2 = other) were regressed out of study vari-
ables before analysis. The modeling (based on Bailey et al., 
2011) is described in Figure 1; a latent factor of EXTs was 
estimated using the indicators of risky sex, adult antisocial 
behavior, nicotine dependence, alcohol dependence, and 
illicit drug dependence. The associations between parental/
sibling tobacco/alcohol use and parent–child relationship 
quality (shown to the left in Figure 1) with the latent EXT 
factor and the residual variance in nicotine dependence and 
alcohol dependence (shown on the right side of Figure 1) 
were evaluated. Socioeconomic status (measured as a stan-
dardized composite of mother and father’s education level, 
highest occupational prestige rating, and family income) 
was included as a covariate in the modeling.
 Maximum likelihood estimation with robust standard 

errors was used to account for the nonnormal distribution 
of clinical symptoms. To account for the fact that adoles-
cents were nested within families, we used the COMPLEX 
specifi cation and clustered analyses by family ID. Miss-
ing data were handled using full-information maximum 
likelihood estimation (Enders and Bandalos, 2001). Group 
differences across genetic relatedness were tested using 
the chi-square difference test. Model fi t was evaluated us-
ing the chi-square fi t statistics, root mean square error of 
approximation (RMSEA), standardized root mean square 
residual (SRMR), and the comparative fi t index (CFI). 
Standard interpretation is that RMSEA < .05, SRMR < .05, 
and CFI > .90 indicate good fi t (Kenny 2012; Kline, 2005).

Results

Preliminary information

 Descriptive information on dependent variables (DSM-IV 
clinical symptoms and number of lifetime sexual partners) is 
presented in Table 2. There were no signifi cant differences in 
the means of outcome variables or clinical diagnoses across 
adopt or bio groups. Correlations and descriptive statistics 
for all age-, sex-, and ethnicity-corrected variables are pre-
sented in Table 3. For both adopt and bio adolescents, there 
were moderate to large correlations among EXT variables 
(risky sex, nicotine dependence, alcohol dependence, other 
drug dependence symptoms, and adult antisocial behavior), 
suggesting the presence of an underlying EXT factor in both 
groups. Of note, although adoptees had greater socioeco-
nomic status than biological offspring (Table 1), childhood 
socioeconomic status was not signifi cantly correlated with 
early adult EXT outcomes for either the adopt or bio groups 
(Table 3).

TABLE 2. Descriptive information for DSM-IV clinical symptoms and number of lifetime sexual 
partners at the second follow-up (Mage = 22.3, SD = 1.5)

 Percentage of those who met
 criteria for DSM-IV disorders

 Adopt Bio Adopt Bio
 M (SD) M (SD) % %
Variable (n = 533) (n = 323) (n = 533) (n = 323)

AAB criteria 1.28 (1.39) 1.16 (1.32) 13.9 11.8
NcD criteria 0.93 (1.51) 0.83 (1.47) 17.3 17.0
AlD criteria 0.64 (1.20) 0.68 (1.29) 07.5 07.7
DrD criteria 0.68 (1.53) 0.62 (1.42) 09.6 07.4
No. partners 2.84 (3.24) 2.90 (3.54) – –

Notes: There were no signifi cant differences in mean level of symptoms or proportion of those 
meeting criteria for a diagnosis across adopt (adopted adolescents who were not biologically 
related to parents or siblings) and bio (adolescent biological offspring of parents with a full bio-
logical sibling) groups, as calculated by the chi-square difference test on 1 df. Criteria for meeting 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), disorders in-
cluded three or more symptoms for adult antisocial behavior (AAB), and three or more symptoms 
for nicotine dependence (NcD), alcohol dependence (AlD), and illicit drug dependence (DrD). 
No. partners = number of lifetime sexual partners.
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FIGURE 3. Structural equation modeling results: Standardized coeffi cients for adopted adolescents. Signifi cant paths are denoted by †p < .10; *p < .05; **p 
< .01; ***p < .001. All independent variables (left side of diagram) were correlated and assessed in adolescence for clarity of presentation. Correlations that 
were not signifi cantly different from zero are not shown (see Table 3 for all correlations). Also, nonsignifi cant paths between independent and dependent 
variables were dashed. SES = socioeconomic status; RMSEA = root mean square error of approximation; CFI = comparative fi t index; SRMR = standardized 
root mean square residual; adopt = adolescents who were not genetically related to parents or siblings; NcD = nicotine dependence; AlD = alcohol dependence; 
AAB = adult antisocial behavior.

TABLE 3. Correlations and descriptive statistics for adopted adolescents (n = 533, shown above the diagonal) and bio adolescents (n = 323, shown below the 
diagonal)

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. M SD % Valid

1. Fam. manag. .– -.55* -.69* -.11* -.00 -.12* -.10* -.13* -.30* -.19* -.12* -.12* .04 -0.00 1.00 94.6
2. Fam. confl ict -.55* .– .66* .01 -.03 .05 .05 .16* .37* .24* .16* .19* -.01 0.04 1.04 94.6
3. Fam. bonding .69* -.55* .– .05 -.05 .04 .04 .14* .27* .24* .10† .12* -.02 0.05 1.03 94.6
4. Sibling tobacco -.15* .09 -.03 ..– .11† .60* .09† .06 .10† .09 .08 .04 .01 0.08 1.78 96.1
5. Parental tobacco .00 -.03 -.01 .23* . – .02 .06 -.08* -.06 .03 -.07* -.04 -.20* -0.19 2.84 99.4
6. Sibling alcohol -.12† .11† -.04 .66* .16* . – .16* .05 .14* .06 .07 .06 .11* 0.03 1.99 96.1
7. Parental alcohol -.00 .09 -.03 .13† .20* .25* . – .06 .06 .08† .06 .12* .17* -0.26 2.66 99.4
8. No. of partn. -.22* .19* -.14* .22* .10 .31* .14* . – .33* .18* .27* .17* .03 0.01 0.96 91.7
9. AAB sxs -.28* .30* -.19* .36* .21* .29* .11† .46* . – .46* .44* .55* .02 0.00 1.02 92.1
10. NcD sxs -.17* .22* -.17* .23* .05 .20* .11 .25* .38* . – .37* .45* .02 0.03 1.00 92.1
11. AlD sxs -.02 .19* -.03 .18* -.04 .20* .11† .25* .40* .35* – .38* .02 -0.00 0.97 92.1
12. DrD sxs -.19* .19* -.20* .24* .07 .16* .12* .20* .43* .33* .47* . – -.01 0.01 1.02 91.9
13. SES .24* -.16* .18* -.16* -.20* -.10 .09 .07 -.11† -.10 -.06 -.00 . – 0.12 0.71 100.0

M 0.04 -0.07 -0.09 -0.06 0.61 0.08 0.30 -0.01 -0.00 -0.06 0.00 -0.01 -0.26 .– .–
SD 1.00 0.97 0.99 1.85 4.04 2.01 3.11 1.06 0.95 0.99 1.05 0.96 0.81 .– .–
% Valid 92.0 92.0 92.0 96.3 98.5 96.3 98.5 91.6 91.0 91.0 91.0 91.0 100.0

Notes: Adopted adolescents = those not genetically related to parents or siblings; bio adolescents = those genetically related to the rearing parents and to each 
other; fam. manag. = family management; fam. confl ict = family confl ict; fam. bonding = family bonding; no. of partn. = number of lifetime sexual partners; 
AAB sxs = adult antisocial behavior (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition) symptoms; NcD sxs = nicotine dependence 
symptoms; AlD sxs = alcohol dependence symptoms; DrD sxs = illicit drug dependence symptoms; SES = socioeconomic status. Mothers’ and fathers’ tobacco 
and alcohol scores were moderately to substantially correlated (rs ranged from .22 to .46); therefore, they were collapsed into the same (parental) variables. 
All variables were adjusted for age, sex, and ethnicity before analysis. Correlations were obtained from MPLUS; twins were clustered by family ID to infl ate 
standard error and control for shared family variance.
Correlations that are signifi cant are denoted by †p < .10; *p < .05.
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Structural equation model results

 Figure 1 describes the structural equation model we 
evaluated. Overall, the model fi t well, χ2(102) = 192.99 
(CFI = .95; RMSEA = .04; SRMR = .04). Constraining all 
paths to be equal across adopt and bio offspring resulted in 
a signifi cantly worse-fi tting model, χ2(27) = 74.09, p < .001. 
We then fi t a series of models that constrained paths one at 
a time to identify group differences. To ease the clarity of 
presentation, the results for adopted offspring are shown in 
Figure 3, and the results for bio offspring are shown in Fig-
ure 4. Table 4 provides the correlations among independent 
variables separately for adopt and bio offspring, as well as 
any signifi cant differences in those correlations. Please note 
that factor loadings for parent–child relationship quality are 
not shown for clarity of presentation, but were .70 or greater 
for all indicators across adopt and bio groups (M = .79), 
suggesting adequate fi t of the latent factor of parent–child 
relationship quality.

 In general, the factor structure of young adult external-
izing was similar across adopt and bio samples, as shown 
by the similar magnitude of loadings for clinical symptoms 
and risky sexual behavior (right side of Figures 3 and 4). 
The association between parent–child relationship qual-
ity in adolescence and the EXT factor in adulthood was 
signifi cant and did not differ across adopt and bio groups, 
χ2(1) = 0.29, p = .59, providing evidence against passive 
rGE for this association. Sibling tobacco and alcohol use 
during adolescence had a signifi cant association with the 
young adult EXT factor in the bio group only (Figure 4); 
the association between sibling tobacco use in adolescence 
and the young adult EXT factor was signifi cantly greater in 
the bio group than in the adopt group, χ2(1) = 5.61, p = .02, 
suggesting genetic infl uences in this association. Neither 
sibling tobacco or alcohol use predicted the residual variance 
in adult nicotine or alcohol dependence symptoms. Of note, 
parental tobacco and alcohol use during adolescence was not 
related to the young adult EXT factor for either the adopt or 

FIGURE 4. Structural equation modeling results: Standardized coeffi cients for bio adolescents. Signifi cant paths are denoted by †p < .10; *p < .05; **p < .01; 
***p < .001. All independent variables (left side of diagram) were correlated and assessed in adolescence; for clarity of presentation, correlations that were 
not signifi cantly different from zero are not shown (see Table 3 for all correlations). Also, nonsignifi cant paths between independent and dependent variables 
were dashed. SES = socioeconomic status; RMSEA = root mean square error of approximation; CFI = comparative fi t index; SRMR = standardized root 
mean square residual; bio = adolescent biological offspring of parents with a full biological sibling; NcD = nicotine dependence; AlD = alcohol dependence; 
AAB = adult antisocial behavior.
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TABLE 4. Correlations among independent variables from structural equation modeling analysis for adopted and 
bio adolescents

 Adopt Bio χ2

Variable (n = 533) (n = 323) (on 1 df)

Sibling tobacco use: parental tobacco use .11* .23** 2.48
Sibling tobacco use: sibling alcohol use .60*** .67*** 1.03
Sibling tobacco use: parental alcohol use .09† .13† 0.47
Sibling tobacco use: general family environment -.07 -.09 0.03
Sibling tobacco use: SES .01 -.16* 5.25*
Parental tobacco use: sibling alcohol use .02 .16† 2.80†

Parental tobacco use: parental alcohol use .06 .20** 4.82*
Parental tobacco use: general family environment .04 .02 0.00
Parental tobacco use: SES -.20*** -.20*** 0.75
Sibling alcohol use: parental alcohol use .16** .25*** 1.83
Sibling alcohol use: general family environment -.07 -.09 0.00
Sibling alcohol use: SES .10* -.10 6.18*
Parental alcohol use: general family environment -.07 -.04 0.05
Parental alcohol use: SES .16* .09 0.17
General family environment: SES .03 .24*** 6.90**

Notes: Adopt = families that included two adoptive offspring genetically unrelated to one another and adoptive 
parents; bio = families that included two offspring genetically related to the rearing parents and to each other; 
SES = socioeconomic status.
Signifi cance is denoted by †p < .10; *p < .05; **p < .01; ***p < .001. Signifi cant differences across correlations 
are denoted by the chi-square difference test; a χ2 of 3.84 on 1 df is needed to be signifi cant at p = .05.

bio group. However, parental tobacco use was related to the 
residual variance in young adult nicotine dependence, but 
only for the adopt group (Figure 3). The difference between 
adopt and bio groups was signifi cant, χ2(1) = 4.81, p = .03. 
This suggests at least some environmental infl uence of pa-
rental tobacco use in adolescence and young adult nicotine 
dependence.
 To test whether fi ndings would be affected by including 
autoregressive effects of adolescent smoking and drink-
ing, we included the adolescent’s report of smoking and 
drinking as independent variables (in addition to parental 
and sibling smoking and drinking, the general family en-
vironment, socioeconomic status, and the intercorrelations 
among these predictors; Figure 1) in a post-hoc analysis. 
We evaluated whether these autoregressive effects pre-
dicted young adult EXT, as well as the residual variance 
in young adult nicotine and alcohol dependence. We found 
that (a) adolescent smoking and drinking signifi cantly pre-
dicted variance in young adult EXTs for both adopt and 
bio groups (βs = .17–.48, ps < .01), (b) adolescent smoking 
predicted unique variance in nicotine dependence for both 
groups (βs = .38–.47, ps < .001), and (c) adolescent drink-
ing did not predict unique variance in alcohol dependence 
for either group. Of note, study results were not affected 
by the inclusion of autoregressive effects; the general 
family environment was still signifi cantly associated with 
young adult EXTs in both groups (βs = -.18 – -.23, ps < 
.05), parental smoking predicted unique variance in young 
adult nicotine dependence for adoptees only (β = .07, p < 
.05), and sibling smoking was signifi cantly associated with 
young adult EXTs for biological offspring only (β = .20, p 
< .01).

Discussion

 Substance use problems are consistently correlated across 
substance type (Hasin et al., 2007) and with other related 
externalizing behaviors (King et al., 2004; Krueger et al., 
2002), including risky sexual behaviors (Khan et al., 2012). 
Previous twin and adoption research has confi rmed that com-
mon genetic factors contribute to these associations (e.g., 
Haberstick et al., 2011; Krueger et al., 2002), yet unique 
genetic and environmental infl uences exist on each of these 
phenotypes (Hicks et al., 2011; Kendler et al., 2003). The 
primary aim of this study was to build on previous research 
(e.g., Bailey et al., 2011; Baker et al., 2012; Gillespie et al., 
2009) to better understand the infl uence of substance-specifi c 
family environments in relation to unique adult nicotine and 
alcohol dependence after accounting for the relationship 
between parent–child relationship quality and general EXT 
liability. To do this, we examined the relationships between 
general and specifi c characteristics of the adolescent fam-
ily environment in relation to general and specifi c facets 
of young adult EXTs, as proposed by Bailey et al. (2011). 
Furthermore, we investigated genetic and environmental in-
fl uences on these relationships by comparing results across a 
group of adolescents who were adopted and not biologically 
related to their parents or siblings with a group of adoles-
cents who were the biological offspring of their parents and 
had a full biological sibling.
 Passive rGE refers to the situation in which parents 
provide both gene endowment and rearing environment for 
their biologically related children, making it impossible to 
distinguish whether the association between parenting and 
child outcomes is attributable to genetic or environmen-
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tal infl uence (Scarr and McCartney, 1983; also see Dick, 
2011). Of note, we replicated the long-term infl uence of 
the adolescent parent–child relationship on young adult 
EXTs demonstrated by Bailey et al. (2011) in both adopted 
and biological offspring samples. This association was not 
signifi cantly different across adopt and bio groups, provid-
ing evidence inconsistent with a passive rGE explanation. 
Nonetheless, the relationship between family environment 
and adult EXTs could still be due to evocative rGE (i.e., 
adolescents may evoke less bonding, more confl ict, and 
poorer management practices from their parents because of 
their EXT-infl uenced genotype). Prior research has supported 
both common genetic (Neiderhiser et al., 1999; Pike et al., 
1996) and environmental factors (Burt et al., 2007; Klahr et 
al., 2011) for this association. Thus, the relationship between 
adolescent parent–child relationship quality and young adult 
EXTs is likely attributable to a combination of evocative 
rGE and environmental infl uences but not passive rGE.
 Following previous research demonstrating an environ-
mentally mediated relationship between parental and ado-
lescent smoking (Keyes et al., 2008), we found that parental 
tobacco use during adolescence and adult nicotine depen-
dence were linked for adopted adolescents (who do not share 
genes with their parents), suggesting environmental media-
tion. Nonetheless, caution is warranted in interpreting this 
fi nding, as we did not see a signifi cant relationship between 
parental tobacco use and child nicotine dependence for ado-
lescents who are biologically related to parents; one would 
expect to see a consistent relationship across groups. We are 
a bit puzzled by these results. It could be that the effect of 
parental tobacco use on child nicotine dependence is quite 
small, making it diffi cult to detect using smaller samples 
(the sample size for the biologically related adolescents was 
nearly half the sample size as the adopted adolescents in 
this study). Notably, the reliabilities of parental tobacco and 
alcohol use during the last 12 months at the adolescent as-
sessment were also low (α’s ranged from .65 to .75), which 
may have affected this lack of association for the biological 
offspring.
 Perhaps more telling is the infl uence of the offspring’s age 
when parental tobacco use was measured; we aimed to have 
comparable ages of assessment as the original Bailey et al. 
(2011) study, which assessed adolescent family environments 
at ages 10–18 and adult EXT outcomes at age 24. Indeed, 
the mean age at which the adolescent family environments 
were assessed in this study was 18.2 years; however, the 
ages ranged from 16.5 to 21.3 years of age (64% were ages 
17–19), and about 70% of the adolescents lived at home at 
the time of their adolescent assessment. We conducted a 
follow-up analysis and confi rmed a similar pattern of results 
across those who lived at home or did not live at home at 
the time of the adolescent assessment, with the exception 
that parental smoking during adolescence was not signifi -
cantly associated with the unique infl uence on adult nicotine 

dependence in the adopted sample whether they lived at 
home or did not live at home. The magnitude of the effect 
in both groups (lived at home vs. did not live at home) was 
roughly equivalent to the original study results; thus, this 
may be a power issue in detecting a relatively small effect 
size. Nonetheless, perhaps the relationship between parental 
tobacco use and adult nicotine dependence would be more 
prominent if parental tobacco use was assessed at an earlier 
age in the offspring’s adolescence (i.e., ages 10–17) rather 
than just in the last 12 months of the adolescent assessment. 
Very few adolescents in this sample were less than age 17 
(65 adoptees and 54 biological offspring); thus, we did not 
have the power to adequately test this hypothesis.
 Turning to sibling effects, we found that neither sibling 
tobacco nor alcohol use during adolescence predicted unique 
variance in later nicotine or alcohol dependence. Instead, 
sibling tobacco and alcohol use were related to subsequent 
EXTs, but only for the adolescents with full biological sib-
lings. This suggests that these associations were at least in 
part attributable to shared genes, particularly the relationship 
between sibling tobacco use and EXT (because the group 
difference was signifi cant). This is not surprising given that 
adolescent siblings are often similar in their adolescent sub-
stance use (Low et al., 2012; Rowe and Gulley, 1992; Samek 
and Rueter, 2011; Whiteman et al., 2013) and that the link 
between adolescent substance use and subsequent substance 
use disorders in adulthood has been shown to be primarily 
infl uenced by genetic factors (Agrawal et al., 2009; Sartor 
et al., 2009). Of note, the overall pattern of family environ-
mental effects in relation to adult EXTs differed for parental 
and sibling environments, demonstrating the need to partial 
these unique family environments in applications of the hi-
erarchical model of family environmental risk as proposed 
by Bailey et al. (2011).
 There were several limitations to this study. The fi rst 
limitation concerns generalizability; although this sample 
was generally representative of the population from which it 
was drawn in terms of parental socioeconomic status, ethnic-
ity, and marital status, the majority of participants lived in 
two-parent households during adolescence and with parents 
who identifi ed predominantly as having European ancestry. 
Adopted adolescents had signifi cantly higher socioeconomic 
status and were more likely to be of Asian than European 
ancestry compared with biological offspring (Table 1). Pre-
vious research has shown that those of Asian ancestry are 
more likely to have a version of the ALDH2 allele important 
to metabolizing the effects of alcohol. Thus, those with this 
version are less likely to report alcohol problems but not 
other substance use problems (Irons et al., 2007, 2012). 
Nonetheless, socioeconomic status and ethnic ancestry (Eu-
ropean vs. Asian) were not signifi cantly associated with EXT 
outcomes in this study (including alcohol dependence). Thus, 
even though adopted adolescents were more likely to have 
higher childhood socioeconomic status than biological off-
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spring, and those with Asian ancestry are more likely to have 
a copy of the ALDH2 allele related to a lower likelihood of 
problematic drinking behavior, differences in socioeconomic 
status and ethnic ancestry across samples did not likely af-
fect study results. Nonetheless, replication across additional 
genetically informed designs variable in ethnic ancestry and 
socioeconomic status would be benefi cial to evaluate the 
generalizability of the present study’s fi ndings.
 A second limitation is that siblings in this study were 
up to 5 years apart in age. The relationship between sibling 
substance use in adolescence and adult EXTs may be stronger 
for siblings closer in age compared with those further apart, 
although we were underpowered to detect such infl uences 
here. A third limitation concerns the adolescent assessment; 
we selected the assessment based on the fi rst time adoles-
cents were 16.5 years of age to closely match Bailey et 
al. (2011). Results may likely differ if parental and sibling 
smoking and drinking were measured earlier rather than in 
late adolescence. The fourth limitation is that modeling did 
not account for peer and other important social factors in 
adolescence (such as the substance-specifi c effect of parental 
attitudes toward substance use), demonstrating the need for 
continued research in the evaluation of general versus specifi c 
environmental effects of adolescence on adult EXTs. The fi fth 
limitation notes that, although we controlled for autoregres-
sive effects of adolescent smoking and drinking, we did not 
control for autoregressive effects of adolescent externalizing 
due to the complexity of the modeling; thus, the analysis was 
not fully prospective. To balance these limitations, the study 
has a number of important strengths, including a genetically 
informed design, a longitudinal sample, expert ratings of 
diagnostic outcomes, and multiple reporters.
 The results of this study shed light on the degree to which 
the link between adolescent family environments and EXTs 
is genetically or environmentally mediated. We found that 
parent–child relationship quality in adolescence was related 
to adult EXTs for both adolescents who were biologically 
related to family members and those who were biologi-
cally unrelated to family members, which suggests that this 
relationship cannot be due to passive rGE. Sibling tobacco 
and alcohol use during adolescence were related to young 
adult EXTs, but only for biologically related siblings, sug-
gesting at least some genetic infl uences on this association. 
Notably, a substance-specifi c effect of parental tobacco use 
on young adult nicotine dependence was found for parents 
and children who were not biologically related, suggesting 
at least some environmental infl uence in this relationship. 
However, we are hesitant in drawing conclusions based on 
this fi nding because we did not see a signifi cant relationship 
between parental tobacco use and nicotine dependence for 
biologically related parents and children. Results suggest 
that, for the most part, characteristics of the adolescent fam-
ily environment relate to adult EXTs generally rather than 
specifi cally to nicotine and alcohol use disorders.
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