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1. Introduction
This special issue is a cherished opportunity to pay tribute to our esteemed colleague,
Vincent Smeriglio, Ph.D. Vince's dedication and commitment as a NIDA Program Officer is
legendary. For those of us privileged to be investigators in Vince's prenatal exposure
portfolio, he has been an inspiration and a scientific advisor and advocate par excellence.
We are particularly delighted to honor Vince with this paper on unpacking associations
between exposure and developmental patterns. This is because his quest to facilitate
scientific investigations that would go “ever deeper” exemplifies his devotion to promoting
high-quality, developmentally-based investigation of prenatal exposure effects. As such, the
present findings are just one reflection of a much larger “unfolding story” that splendidly
reflects the broad scope and enduring nature of Vince's legacy.

Over the past decade, a robust association between prenatal exposure to cigarettes
(“exposure”) and disruptive behavior has been established across diverse samples and
developmental periods [69]. These include DSM-based Oppositional Defiant and Conduct
Disorders [31,44,68], delinquency and criminality [10,68], checklist ratings of externalizing
problems [3,19,61], observed disruptive behavior [67] and its developmental substrates in
early childhood [47,51]. However, disruptive behavior syndromes and corollary delinquent
behaviors represent a very broad and heterogeneous set of behaviors [34]. Thus, greater
specification of disruptive behavior dimensions is needed to map discrete mechanisms by
which exposure may exert its effects [17,56,65]. In this paper, we examine the relation of
exposure to four dimensional disruptive behavior phenotypes and examine moderation of
these pathways by youth sex and parental responsive engagement.
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1.1. Specifying the Association of Exposure and Disruptive Behavior
Initial efforts to specify the relation of exposure to narrower components of disruptive
behavior provide empirical support for this approach. Differential associations have been
demonstrated between exposure and: (a) adolescent history of overt but not covert behaviors
[43]; and (b) observed aggression and noncompliance but not temper loss at toddler age
[67]. These studies provide preliminary evidence that specification is likely to be
illuminating. However, the relation of exposure to each of the defining elements of
disruptive behavior syndromes has not been comprehensively tested.

1.2 Dimensional Approaches to Disruptive Behavior
There is increasing evidence that multidimensional approaches enhance phenotypic
characterization and identification of mechanisms. A number of approaches have been
developed to characterize sub-groups of youth with conduct problems including the DSM
distinction between oppositional and conduct problems and corollary distinctions between
aggressive and non-aggressive rule breaking and distinguishing a callous/unemotional
subtype [12,29]. Building on this work and incorporating recent research on phenotypic
heterogeneity and specification of developmental processes that go awry in disruptive
behavior syndromes, we have recently proposed a four dimensional framework of disruptive
behavior [70]. This framework is designed to move beyond aggression as a central
organizing frame to more fully capture defining elements of the full disruptive behavior
spectrum as well as to provide an approach that can be meaningfully applied across
developmental periods. This dimensional framework incorporates a developmental
conceptualization. This includes recognition that some disruptive behaviors are normative
within a particular period (e.g. the noncompliance of adolescence) and that atypicality is
manifest in terms of higher than expectable frequencies and in extreme forms of the
behavior. Although the present sample is adolescent, employing a conceptual framework
that has coherence across developmental periods will be especially useful for replication and
extension.

1.2.1 Proposed multidimensional approach and theorized associations to
exposure—We have proposed these four core dimensions of disruptive behavior as: (1)
Aggression; (2) Noncompliance; (3) Temper Loss; and (4) Low Concern for Others [70].
The Aggression dimension characterizes a tendency to respond aggressively across a variety
of contexts, ranging from appropriate self-protection to severe violence. The Noncompliance
dimension captures failure to comply with directions, rules, and social norms, ranging from
developmentally appropriate resistance to pervasive and provocative rule breaking. The
Temper Loss dimension encompasses overt expression and management of anger, ranging
from mild expressions of frustration to rage and extreme and dysregulated temper loss. The
Low Concern dimension captures active disregard of others, including lack of guilt for
transgressions and lack of concern for others' feelings. Behaviors along this dimension may
include mild insensitivity within expectable contexts to extreme and persistent disregard of
others needs and feelings. In two independent early childhood samples [64], this four
dimension model has demonstrated a superior fit compared to traditional models including:
(a) a DSM-based (ODD/CD) model [4], and (b) a model distinguishing a general disruptive
group from a group high on the Low Concern dimension, along the lines of the callous-
unemotional subtype described and extensively studied by Frick and colleagues [29]. The
superior model fit was demonstrated across child age and sex. Concurrent and predictive
validity were also demonstrated [64].

With this preliminary empirical evidence as foundation, we here draw on this
multidimensional model as a framework for testing specificity of relations of exposure and
disruptive behavior dimensional phenotypes. Distinguishing multiple narrow-band
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phenotypes that include a broad range of behavior from mild to severe is likely to provide
enhanced precision for linkage to mechanisms. Although we do not directly test
neurocognitive mechanisms here, we hypothesized that exposure would predict elevated
scores on the Aggression and Noncompliance dimensions based on recent neuroscientific
findings. Reduced lateral orbital frontal cortex (OFC) thickness and inefficient recruitment
of brain regions implicated in response inhibition have been demonstrated in exposed youth
[60, 6]. OFC disruptions and concomitant impairments in emotional regulatory mechanisms
are associated with impulsive and reactive aggression [8]. Lateral regions of OFC and
inferior frontal cortex also regulate social response reversal, i.e. the putative system that
promotes changes in behavior in response to others' aversive social cues such as anger and
social disapproval [9]. Damage to these regions can lead to reduced concern for social rules
and the capacity to generate alternate behavioral responses to others' negative social cues as
well as punishment more generally [7,9]. Impaired anger discrimination has been
demonstrated in exposed girls [65]. Processing of these social cues is a critical aspect of
compliant behavior and thus, impairments in social response reversal are likely to be
associated with increases in Noncompliance.

1.3 Moderational Pathways
Enhanced phenotypic specification is also critical for elucidating individual differences in
pathways. A number of moderators have been demonstrated in pathways from exposure to
disruptive behavior including sex [63], genotype [37,65], socioeconomic status [35,43],
maternal antisocial behavior [35], and maternal responsiveness [71]. Based on prior work,
we focus on two particular promising areas for elucidating salient individual differences: sex
differences in exposure-related patterns and moderation of these patterns by the parenting
environment. Whether or not exposure-related disruptive behavior is specific to males
remains a pressing question for the field. The more precise, dimensional specification
approach employed here provides a unique opportunity to shed light on this issue by
capturing a broader phenotype that encompasses individual variation. We also focus on the
potential moderating role of responsiveness, because it is unique amongst established
moderators due to its modifiability [62].

1.3.1 Moderation by sex of youth—Initial investigations suggested that links between
exposure and disruptive behavior were specific to boys [27,71,73]. However, a number of
recent studies have reported contradictory findings. In particular, multiple studies of
exposure-related patterns in early childhood have employed dimensional measures of
externalizing problems and found no evidence that exposure-related patterns are specific to
boys [13,35-36,54,67]. In older youth and adults, studies that have considered a broader
phenotypic range and applied dimensional approaches have also demonstrated exposure-
related patterns for both males and females [10,65]. Given both developmental and
methodological differences across these studies, reconciliation of these contradictory
findings is difficult. One possibility is that these varying patterns reflect true differences
across developmental periods (e.g. absence of sex differences in early childhood and
stronger associations for boys during adolescence). Another alternative is that these
inconsistencies are due to methodologic artifacts (e.g. studies of adolescents tend to focus on
severe forms of behavior common in teenage boys). Here we attempt to shed light on this
issue by employing dimensional assessments of disruptive behavior to test for sex
differences in exposure-related patterns at adolescence including relations to specific
dimensions and whether or not there are sex differences in moderated patterns. We
hypothesized that exposure-related patterns would be evident in both male and female teens
using this dimensional approach.
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1.3.2 Moderation by parental responsiveness—To our knowledge, only two studies
have tested for the interaction of exposure and parental responsiveness. The first was in a
small pregnancy cohort of African-American women at very high-risk due to extreme
poverty and over-sampling for prenatal opiate exposure [71]. In this sample, the association
of exposure and heterogeneous disruptive behavior symptoms in was moderated by observed
maternal responsiveness during the first years of life [71]. However, sex differences were
not examined, as moderational effects were tested for boys only. In contrast, observed
maternal responsiveness did not modify impact of exposure on early childhood aggression
for male or female toddlers in the predominantly Caucasian, socio-demographically diverse
Quebec Longitudinal Study of Child Development [35]. These discrepant findings may
result from a number of differences across the two studies including differences in:
demographic composition (high-risk vs. community), developmental periods in which
disruptive behavior was measured (adolescence vs. early childhood), exposure rates (75%
vs. 25%) and measurement of exposure (prospective, repeated measures vs. retrospective,
single time-point), and the nature of the outcome (e.g. heterogeneous disruptive behavior vs.
aggressive behavior). The present sample enables us to further elucidate the role of
responsiveness in pathways from exposure to disruptive behavior by testing for moderation
by paternal, as well as maternal, responsiveness during adolescence. We hypothesized that
maternal and paternal responsive engagement would moderate exposure patterns for both
girls and boys.

2. Methods
2.1 Participants

Participants are derived from the Maternal Infant Smoking Study of East Boston (MISSEB)
pregnancy cohort [58]. The present study reports on data from the East Boston Family Study
(EBFS), an adolescent follow-up of the non-Hispanic White families of MISSEB (n=348
families, 388 youth). (Hispanic MISSEB participants were excluded because of very low
rates of prenatal smoking). Seventy-seven percent of eligible MISSEB families agreed to
participate in EBFS (n=251 families, 282 youth including 30 sets of siblings) (see study
timeline Figure 1). EBFS participants did not differ from eligible non-participants from
MISSEB in terms of maternal smoking status. However, mothers participating in EBFS had
higher education levels (75% vs. 62% high school completion, χ2 = 6.0, p<.01) and were
slightly older (mean age at pregnancy= 27 vs. 25.5 years, t =2.5, p<.01). (For further sample
description, see [65]).

Because the focus of the present paper is on links between exposure and disruptive behavior
and moderation by parenting, the analytic sample is comprised of the 75% of youth who had
data in these key domains and who participated with a biologic parent. Two hundred and
sixty-five of the 282 EBFS youth participated with a biologic parent. Of these 265, 211 teens
reported baseline disruptive behavior data and parenting data for both parents. Thus, the
analytic sample is comprised of 211 youth (including 25 sets of siblings). With the exception
of prenatal active and second hand exposure, all data are derived from the EBFS baseline
interview. Ninety-nine percent of youth participated at baseline with their mothers. The
remaining 1% (n=3) participated with their fathers. However, information on both mothers'
and fathers' parenting was solicited from the teen at this interview. Virtually all of the
mothers were biological and 88% of the fathers were biological (with the remaining 12%
being father-figures such as step-fathers.) Ninety-three percent of the youth co-resided with
their mothers and 76% co-resided with their fathers or father-figures.

Descriptive information on the analytic sample by exposure status is provided in Table 1.
Mean age of the youth in this sample was 14.9 years (SD=1.7) and 54% were girls. Teens in
the analytic sample did not differ significantly from the remaining EBFS teens in terms of
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sex, exposure status, or mothers' educational attainment. However, compared to those in the
analytic sample, excluded teens were older (15.7 versus 14.9 years, t = 3.40, p < .01), had
fathers with lower educational attainment (31% vs. 15% with less than high school
education, χ2 = 7.44, p< .01), had lower household income (median category
$20,001-30,000 versus $50,001-75,000, Wilcoxon z = -3.46, p < .01), and were more likely
to live in a single parent household, (68% versus 29%, χ2 = 31.0, p< .01). These were
controlled in the multivariate analyses.

2.2 Measures
2.2.1 Exposure—At the first prenatal visit, smoking from the start of pregnancy was
queried. At each subsequent prenatal visit (median number of visits = 6, range 1-12), women
reported current smoking habits, including the number of cigarettes being smoked per day.
Blood samples were collected to obtain maternal serum cotinine levels, which are more
stable than urinary cotinine. Blood samples were typically collected at the first prenatal visit.
Self-reported smoking intensity and cotinine were highly correlated (r=.75). Mean (SD) self-
reported smoking was 5.3 (7.8) cigarettes per day and mean serum cotinine was 72.1 (103.4)
ng/ml.

Second hand exposure was assessed prenatally and during the EBFS adolescent follow-up
visit. Prenatal second hand exposure (presence of other smokers in the household) was
assessed by maternal report at the initial prenatal visit and by parent report of maternal and
paternal smoking at the adolescent follow-up. For the present analyses, we used these two
measures as dichotomous indicators of second hand exposure. Forty-five percent of youth
were exposed to second hand smoke prenatally and 36% during adolescence. Second hand
exposure was not significantly associated with active prenatal exposure (χ2 = 1.64, p = .20)
but was associated with adolescent second hand exposure (χ2 = 36.1, p < .001). Prenatal and
concurrent secondhand exposures were controlled in all models.

Utilizing methods developed by Dukic and colleagues [22-23], a “best-estimate” prenatal
exposure measure was generated using all available data on each woman's exposure [22-23].
This best estimate method mathematically combines self-reported and biologic exposure
measures. Hierarchical (subject-specific) modeling of cotinine metabolism was used to
generate a cotinine-based correction factor to account for inconsistencies due to
nondisclosure or underreporting. This “cotinine-calibration method” algorithm estimates the
average relationship between cotinine (taking into account its exponential decay in serum
[20] and the timing of samples) and the number of cigarettes self-reported as smoked in a
sample of pregnant women. Based on this relationship, the model uses the cotinine
measurements to “probabilistically correct” the self-reported number of cigarettes. The
threshold for determining prenatal smoking via serum cotinine has been established as 15/
ng/ml. Based on guidelines previously established by the EPA [25], we determined that
serum cotinine values due to second-hand prenatal exposure would be between 13-15 ng/ml.
Thus, second hand exposure would affect cotinine levels by ≤ 1 cig/day. As a result,
calibrations ≤1 were discounted to ensure that the calibrated measure was based solely on
exposure to active smoking.

Using this best estimate method, mean upward adjustment was 2.62 cigarettes/day
(SD=3.25; range=.32-9.24). Based on this correction, rates of non-disclosure were 8.5% in
the group classified as non-exposed by maternal report. Exposure levels of 82.8% of
exposed youth were also adjusted upward based on cotinine-identified underreporting.
Based on these corrected exposure levels, 49% of the analytic sample were classified as
exposed. The mean adjusted number of cigarettes per day in the smoking group was
12.9±7.6, with 64% of these exposed to ½ pack per day or more. For the present analyses,

Wakschlag et al. Page 5

Neurotoxicol Teratol. Author manuscript; available in PMC 2013 June 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



we used this continuous serum-cotinine corrected measure of average cigarettes per day
across the pregnancy.

2.2.2 Disruptive behavior dimensions—We drew on multiple measures to generate
the disruptive behavior dimensions (see Table 2). This approach was designed to go beyond
categorical, extreme measures of disruptive behavior to assess a broad range of
conceptually-linked behaviors that would also include female manifestations. While this
approach resulted in some unevenness in coverage across the dimensions, it used all
available data to encompass the broadest range of salient behaviors. Youth served as
informants for all disruptive behavior measures. Since dimensions included items from
multiple measures, scores were range standardized for comparability. Items were recoded to
a minimum value of 0 and a maximum value of 1 and to agree in direction (1 = disruptive
behavior). Drawing on our prior dimensional validation work, items were first assigned
based on their conceptual link to the dimensional construct. These conceptually derived
dimensions were then pared down via examination of internal consistency and to reduce
inter-dimension correlations. Inter-correlations of the dimensions were relatively high (mean
r = .60, range = .49-.79). This level of inter-relatedness is not unexpected given the common
variance underlying all four dimensions and indicates overlapping but independent
dimensions. Four dimensions were generated:

1. The Aggression Dimension was comprised of 22 items tapping into fighting and
reactive aggression (Cronbach's α=.83). It was derived from: (a) Conduct Disorder
(CD) symptoms from the Diagnostic Interview Schedule for Children (C-DISC-
IV:C) [53] (e.g. “participated in a physical fight in which someone was injured”);
(b) delinquency items from the Antisocial Behavior Checklist (ASBC) (e.g. “took
part in gang fight”) [75] and; (c) items from the Adolescent Anger Rating
Scale(AARS) (e.g. “I hit right back if someone hits me”) [11].

2. The Noncompliance Dimension was comprised of 42 items (α=.92) tapping into
rule-breaking and norm-violation. It was derived from: (a) DISC Oppositional
Defiant Disorder (ODD) and CD symptoms (e.g. “refused to do what caretakers
asked, “broke curfew”); (b) ASBC delinquency items (e.g. “carrying a fake id”)
and; (c) items from the Youth Psychopathy Index (YPI) (e.g. “skipping school”)
[2].

3. The Temper Loss Dimension was comprised of 10 items (α = 76) tapping into
irritability and angry reactivity. It was derived from: (a) DISC ODD symptoms
(e.g. “frequent temper loss”) and; (b) items from the AARS (e.g. “got into trouble
because of my temper”) [11].

4. The Low Concern Dimension was comprised of 32 items (α=.85) tapping into
remorselessness, lack of concern for others needs/feelings and, purposeful cruelty.
It was derived from: (a) DISC symptoms (e.g. “done things to purposely annoy
others); (b) YPI items (e.g. “don't feel guilty or regret wrongdoing to others”); (c)
AARS items (e.g. “cheating to get even”); (d) items from the How I Think
Questionnaire, which assess hostile attribution (e.g. “sometimes have to hurt
someone if have a problem with them”) [5] and; (d) items from the Peer
Experiences Questionnaire [49] (e.g. “mean teasing”).

This final item set was then included in a set of tau-equivalent confirmatory factor analyses
[52], contrasting alternative models including from 1-4 dimensions. To maximize power to
test the fit of these models, we included all youth who had EBFS dimensional data (n=238).
Based on the results of these tau-equivalent analyses, the fit of the four-dimension model
was superior to a one-dimensional model (Δχ2 (9, N=238) = 404.5, p < .001), a DSM-based
two-dimension model (Δχ2 (7, N=238) = 326.7, p < .001), and a two-dimension model such
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as that developed and validated by Frick [29] (differentiating general disruptive behavior
from disruptive behavior including high scores on the Low Concern dimension) (Δχ2 (7,
N=238) = 363.4, p < .001).

2.2.3 Parental responsive engagement—Mothers' and fathers' parenting was
measured via youth report on the Network of Relationships Inventory (NRI) [30]. This
measure of responsiveness differs from those used in prior studies because it assesses
responsiveness (a) by questionnaire rather than observation; (b) during adolescence rather
than early childhood and; (c) incorporates basic elements of contingent responsiveness
together with the teen's felt experience of the parent-teen relationship (e.g. the teen's feeling
of comfort in confiding in parent). As such, we termed this construct responsive
engagement. The NRI is a 27-item questionnaire rated on a 5-point Likert-type scale
(1=little/none to 5=the most) including both positive (e.g. “when you are feeling down or
upset, how much do you depend on your (parent) to cheer things up”) and reverse-coded
negative (e.g. “how often does (parent) point out your faults or put you down?”) items. We
used the NRI total score as a more reliable measure of responsive engagement than
individual subscales (as subscales are comprised of only 3 items each), and because we did
not have apriori hypotheses about specific sub-dimensions of parenting as moderators.
Reports of mothers' and fathers' responsive engagement were internally consistent and
moderately correlated (r=.46).

2.2.4 Parental antisocial behavior—Mothers reported on their own antisocial behavior
via the adult version of the Antisocial Behavior Checklist, which assesses frequency of
antisocial behaviors during childhood and adulthood with 45 items (0=never to 3=often)
[75]. Since the majority of respondents were mothers, paternal antisocial behavior was
assessed with a measure of paternal antisocial behavior specifically validated for use by
maternal report [14]. This 35-item paternal measure is derived from the rule-breaking,
intrusive and aggression scales of the Achenbach adult-report instrument (0=not true to
2=very true or often true) [1]. Maternal and paternal antisocial behavior scores were
moderately correlated (r=.24). To impute antisocial history scores for the 3% of mothers and
4% of fathers with missing data, an imputation model using the EM algorithm was
employed (incorporating information from the four dimensional scores, exposure status, and
the covariates).

2.2.5 Family adversity—A family adversity index was constructed to provide an
aggregate score of sociodemographic risk factors robustly associated with both prenatal
smoking and disruptive behavior [33,40,48,72]. Six risk factors were assessed by parental
report as follows: (1) early maternal age at first birth (0 = ≥20, 1 = ≤19); (2) marital status
(0=married; 1=not married); (3) poverty based on a low income:needs ratio (0=at or above
the poverty threshold; 1=below the poverty threshold); (4-5) low parental education
separately for mother and father (0= ≥high school education; 1= <high school education)
and; (6) inadequate basic resources as defined by the bottom quartile on the Family
Resources Scale [24]. This 30-item scale rates adequacy of resources (e.g. having enough
food to eat, money to pay bills) on a 5-point Likert-type scale (ranging from 1=not at all
adequate to 5=almost always adequate). These 6 risk factors were summed to create the
family adversity index (range=0-5). Exposed youth were significantly more likely than non-
exposed youth to have a high adversity index (≥ 3 risk factors) (20 vs. 6%, χ2=8.86, p<.
001).
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3. Results

3.1.1 Analytic overview—We used multi-level repeated measures models to test for main
effects of exposure on the dimensional scores. These models controlled for teen age, sex,
maternal and paternal antisocial behavior, family adversity, and prenatal and current second-
hand tobacco exposure. They also included appropriate terms to account for the inclusion of
siblings in some families. Next, we tested whether effects of exposure differed by sex of
teen. Finally, we expanded these models to test for the role of parenting in these pathways,
including testing whether exposure effects were robust to control for parenting in the main
effects models, and whether parenting moderated these pathways. In the interaction models,
we also tested whether any moderated effects varied by sex of the teen. We did hypothesize
specificity in prediction from the interaction. As such in the interaction models, our
outcomes were the average disruptive behavior estimate (common variance reflecting the
average effect over the four dimensions) in addition to the deviation from this average
estimate for each specific dimension. All analyses were conducted using SAS version 9.2.

3.1.2 Association of exposure and disruptive behavior dimensions—As shown
in Table 3, exposure significantly predicted the Noncompliance (β = .003, p < .01) and
Aggression (β =.002, p < .05) dimensions. These differential associations were robust to
adjustment for youth age and sex, maternal and paternal antisocial behavior and family
adversity. In contrast, exposure was not significantly associated with Temper Loss or Low
Concern for Others. The interaction between sex of teen and exposure was not significant
(data not shown).

3.1.3 Interaction of exposure and parental responsive engagement—We first
examined whether exposure effects were robust to control for parental responsive
engagement. For these analyses, we included parenting variables as covariates in the
regression models described above. Each model took into account the effect of responsive
engagement by the other parent; maternal responsive engagement was controlled in paternal
models and vice versa. In order to establish whether paternal responsive engagement effects
were due to father presence in the home, paternal co-residence with the youth was also
controlled in these models. Exposure remained a significant predictor of Noncompliance in
these models (β =.003, p < .01) and of Aggression at the trend level (β =.002, p < .06).
Maternal responsive engagement was not a significant predictor in these models. However,
paternal responsive engagement predicted both Noncompliance (β =-.044, p < .004) and
Aggression (β =-.034, p < .006). Separate models were then fitted for maternal and paternal
responsive engagement to test for interaction effects (Table 4). The left-hand column of
Table 4 shows the effect of exposure on the average estimate of disruptive behavior
(common variance reflecting the average effect over the four dimensions), whereas the
columns for each dimension show the unique effect or deviance of the specific dimensional
estimate from this average estimate (i.e. specificity to the dimensions). Maternal responsive
engagement did not moderate the effects of exposure on the average estimate of disruptive
behavior or any of the specific dimensions. In contrast, a significant paternal responsive
engagement x exposure interaction was demonstrated in prediction of the average estimate
of disruptive behavior (β= -. 004, p<.01). As Figure 2 illustrates, at low levels of paternal
responsive engagement, teens exposed to 10 and 20 cigarettes/day had significantly higher
disruptive behavior scores than non-exposed teens (p < .05). In contrast, scores for non-
exposed and moderately and heavily exposed youth did not differ significantly at high levels
of paternal responsive engagement. Tests of a 3-way interaction with teen sex (exposure ×
responsive engagement × sex) were not significant (data not shown).
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4. Discussion
In this study, we utilized enhanced precision of predictor (exposure) and outcome
(disruptive behavior) to more precisely specify exposure-related patterns. This approach led
to demonstration of differential association to specific disruptive behavior dimensions. We
have also replicated and extended work on moderation of exposure-related patterns by
demonstrating the interaction of paternal responsiveness and exposure in predicting
disruptive behavior at adolescence. Finally, we have tested for sex differences in these
patterns and have not found evidence of such in this adolescent sample.

Previous studies have typically utilized broad measures of disruptive behavior disorders or
delinquency. Utilizing more narrowly defined dimensional measures in the present study,
exposure was specifically associated with Aggression and Noncompliance but was not
associated with Temper Loss or Low Concern for Others. The differential association of
exposure to Aggression and Noncompliance but not Temper Loss is consistent with findings
we previously observed in an early childhood sample [66]. The consistency of this pattern
across two independent samples is particularly striking given that these studies focus on
diverse developmental periods and employ distinctly different measurement methods. On
the other hand, the absence of an association to the Temper Loss dimension is in contrast to
several studies that have linked exposure to irritability and hyper-arousal in neonates and
young infants [51,57,74]. However, the latter findings may represent a non-specific marker
of immaturity in the first months of life [57] rather than a clinically sensitive and specific
pattern of reactivity. The present pattern is also consistent with recent findings suggesting
that irritability does not have predictive specificity for disruptive behavior [55].

To our knowledge, there is only one other study that has directly examined the association
of exposure to behaviors reflecting Low Concern or related behaviors, such as callousness
and psychopathy. Fowler et al. reported an association of exposure to psychopathy traits as
assessed with the Hare Psychopathy Checklist in a sample of youth with ADHD [28].
However, importantly, multivariate analyses in this study indicated that exposure was
associated specifically to impulsive/delinquent aspects of psychopathy (corresponding more
to our Aggression/Noncompliance dimensions) rather than callous/remorselessness features
(the latter being more akin to our Low Concern dimension). We have also previously
demonstrated in the EBFS that exposure is not associated with impairments in fear
recognition, an information processing deficit that underlies callous/psychopathic
behavior[65].

This differential pattern (distinct associations to Aggression and Noncompliance but not
Low Concern) is consistent with our hypotheses. These were based on a model articulated
by Blair and colleagues suggesting distinct pathophysiologies underlying varying forms of
disruptive behavior [17]. Of salience to the present findings is a pathway with increased
basic threat circuitry responsiveness (particularly the amygdala) and/or dysfunctional
emotional regulatory mechanisms [17]. The OFC plays a central role in this pathway and
structural deficits in OFC have been linked to exposure [60]. The threat responsiveness
system is particularly sensitive to early environmental disruptions [17], supporting the
possibility that prenatal exposure may have deleterious effects via this mechanism.
Heightened threat responsiveness is associated with reactive, impulsive aggression and
related problems modulating behavior in social interactions. The alternate pathway of
decreased responsiveness of systems engaged in basic emotional learning and decision-
making (the amygdala and orbital frontal cortex) is associated with predatory behavior,
callousness and psychopathy and is under considerable genetic influence [7].
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Finding the association of exposure to Aggression and Noncompliance similar for boys and
girls is not consistent with previous studies of adolescents, which have reported associations
specifically for males [26,66,73]. Interestingly, however, the absence of sex differences is
consistent with exposure-related patterns demonstrated in prior studies of early childhood
[10, 32, 66]. This incongruence suggests that methods used in prior studies of older exposed
youth may have obscured exposure-related patterns for females. That is, the reliance on
outcome measures that measure categorical, broadly-defined disorders or extreme antisocial
behaviors (such as criminal offending) in many adolescent studies may not capture typical
manifestations in females as well as it does male manifestations [42]. Clearly, application of
this multidimensional approach across samples and developmental periods is critical for
establishing the replicability and generalizability of these findings.

While this level of behavioral specification is promising, a critical next step will be to test
directly for increased threat responsiveness, and emotional regulatory impairments and their
neural correlates as mechanisms of prenatal smoking effects. This will require studies that
combine precise measurement of exposure with well-defined assessment of behavioral
phenotypes and related brain-based measures of information-processing and neuroimaging.

While exposure differentially predicted these specific dimensions of disruptive behavior, the
interaction of exposure and parenting predicted the average disruptive behavior score
(common variance shared across the dimensions). Differential associations between
exposure and narrow disruptive behavior dimensions were hypothesized due to the distinct
neurobiologic mechanisms thought to underlie exposure effects as described above.
However, we did not hypothesize interactions of parenting with particular dimensions.
Although these dimensions account for unique variance they also have shared features that
reflect their collective contribution to an overarching syndrome. This common variance is
also an indicator of severity because it taps into underlying co-variation. We postulate that
parents are likely to respond to this shared “gestalt” of behaviors rather than narrow
component elements. This is supported via the differential findings reported in the two prior
studies testing whether parental responsiveness moderates exposure effects. Specifically, an
interaction was demonstrated in the study predicting broad-band disruptive behavior but not
in the study in which prediction was to aggression alone [33, 69]. Protective effects are also
often most marked in the face of more severe behaviors[50].

As our outcome and parenting data are cross-sectional, it is not possible to elucidate the
direction of the interaction effect. Bidirectional effects in parenting and youth disruptive
behavior have been repeatedly demonstrated [46]. Responsive parenting may serve as a
buffer against the early behavioral effects of exposure that increase risk of disruptive
behavior [71]. Youth with exposure-related disruptive behavior are also likely to evoke less
responsive parenting. Longitudinal assessments of disruptive behavior and parenting are
needed to parse these effects.

Whereas elevated levels of disruptive behavior were evident in moderately-and heavily-
exposed youth compared to their non-exposed counterparts, exposed youth who had
responsive fathers did not differ from non-exposed youth in levels of disruptive behavior.
Since the majority of studies have demonstrated both parent and youth effects on these
pathways [46], these findings certainly suggest the possibility that parental responsiveness
exhibited more than a decade after the exposure may exert the same buffering effects as
responsiveness in early life. A critical aspect of parental behaviors measured on the NRI is
that they tap into adolescents' feelings that they can rely on the parent for help, support,
understanding and problem-solving. For youth who are behaviorally vulnerable due to
exposure-related tendencies to be reactive and resistant, this consistently available parenting
style may promote the development of compensatory skills. To our knowledge, only one
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previous study has examined the role of fathers in pathways from exposure to disruptive
behavior. This study showed that father absence increased risk of delinquency for exposed
youth [32]. It has been suggested that father absence may represent both a marker for a host
of associated family risk processes and/or the loss of the protective effects of paternal
socialization [41]. The present findings support the latter pathway, i.e. demonstrate that
fathers' actual parenting behavior may exert a protective effect on youth behavioral risk,
regardless of whether these fathers reside with the youth.

Demonstration of parental buffering during adolescence seems to counteract the notion that
early childhood is a sensitive period for the exacerbation or amelioration of the behavioral
effects of exposure. However, it is possible that the moderated effect of paternal
responsiveness shown here does not reflect unique effects of parental behavior during
adolescence but rather is a marker for continuities in parental responsiveness over time.
Studies that examine the moderating role of parenting for exposed offspring across
developmental periods are needed to test these alternative hypotheses [38].

Counter to our hypothesis, maternal responsiveness did not moderate exposure effects. It is
conceivable that this unexpected pattern is a methodologic artifact. In particular, variations
in maternal behavior may be better captured via the emphasis of direct observations on
contingent sensitivity in moment-to-moment interactions than the broader emphasis on
engaged parenting assessed by questionnaire measures. Alternatively, our findings may
represent a true developmental effect in which maternal behavior moderates exposure effects
in early life and paternal behavior does so in adolescence. In prior work, we have
demonstrated that maternal responsiveness during infancy is uniquely protective against the
negative effects of another environmental exposure (life stress) on disruptive behavior
(relative to maternal responsiveness during adolescence) [63]. The moment-to-moment
contingent shifting that characterizes sensitive maternal responsiveness during infancy may
be particularly critical for scaffolding the development of early self-regulatory abilities. In
contrast, constructive fathering has a more demanding element, which may be more crucial
during adolescence. There is also evidence of transactional patterns by which youth problem
behavior and parenting mutually influence each other [16]. Of particular salience to the
present study is recent evidence that fathers increase their engagement with youth engaged
in delinquent and other problem behaviors, whereas mothers do not [15,39]. Further, these
paternal behaviors are associated with a concomitant decrease in youth problem behavior
over time [15]. This suggests the possibility that fathers' parenting is uniquely protective
during adolescence precisely because it is responsive to the types of behaviors that exposed
teens are more likely to exhibit. Testing these hypotheses clearly requires longitudinal
examination of prospectively ascertained exposed youth, with repeated and multi-method
assessments of maternal and paternal responsiveness.

Strengths of the present study include prospective, multi-method assessment of exposure,
multi-dimensional assessment of disruptive behavior phenotypes, robust control for key
potential confounds and examination of the role of paternal and maternal behavior in
exposure-related pathways. Limitations include the relatively small sample size and reliance
on a single informant (youth) for assessment of disruptive behavior and parenting. In
addition, our disruptive behavior dimensions were derived from secondary data analysis.
This preliminary attempt at phenotypic specification is thus necessarily constrained by
available data within the EBFS. Replication and extension in studies employing dimensions
developed apriori will be an important avenue for future work to ensure thorough and
comparable coverage across dimensions. Finally, although the present study indicates that
the relation of exposure and disruptive behavior is robust to rigorous control for paternal and
maternal antisocial behavior, recent studies utilizing within-family designs in large
epidemiologic samples suggest that statistical control alone may be inadequate for assessing
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the extent to which the co-variation of exposure and disruptive behavior is a marker for a
passive gene-environment correlations [18]. Clearly, longitudinal studies that utilize
genetically-sensitive designs combined with prospective, repeated measurement of
exposure, the use of direct assessments of behavior and information-processing and careful
measurement of intervening risk processes are needed. This type of translational approach,
which considers the intersection of these multiple biologic and social influences on
pathways to disruptive behavior in a nuanced and simultaneous manner, is critical to
elucidating whether and how prenatal smoking exerts a teratologic effect on offspring
behavior. The present findings advance this line of investigation via specification of
exposure-related phenotypes that can serve as a basis for guiding hypothesis-driven testing
of neural mechanisms. Whether driven by parent or youth behavior or both, the interaction
of responsiveness and exposure also points to the potential benefits of implementing
evidence-based preventive interventions focused on parenting [21] as a mechanism for
reducing disruptive behavior in exposed offspring. As disruptive behavior trajectories in
exposed offspring have been demonstrated in the first two years of life [67], experimental
interventions to promote responsiveness in the parents of exposed infants have much
promise for elucidating these pathways [45,59].
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Figure 1. EBFS Study Timeline
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Figure 2. Interaction of Exposure & Paternal Responsive Engagement in Prediction of Shared
Disruptive Behavior Variance
a For illustrative purposes, low paternal responsive engagement is graphed at 1 SD below
the mean and high paternal responsive engagement is graphed at 1 SD above the mean.
bThe minimum possible average estimate of disruptive behavior score is 0, and the
maximum possible score is 1.
c At low levels of paternal responsive engagement, there were significant differences
between average estimates of disruptive behavior for non-exposed youth vs. moderately and
heavily exposed youth (10 cig/day vs 0 cig/day and 20 cig/day vs 0 cig/day) (p < .05).
Comparisons across these exposure groups were not significant at high levels of paternal
responsive engagement.
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Table 1
East Boston Family Study Sample Characteristics and Descriptives (n = 211)

Variable Not exposed (n = 108) Exposed (n = 103)

Mean youth age (SD) at baseline (years) 14.9 (1.7) 14.9 (1.7)

% Female 56% 51%

Median household income $50,001 - $75,000 $30,001 - $40,000 *

Living in Poverty (based on income:needs ratio) 8% 21% *

% inadequate family resources (based on bottom quartile score on the Family Resources
index)

18% 30% *

Prenatal exposure to cigarettes

 Non-exposed, count (%) 108 (100%) 0 (0%)

 Moderately exposed (<10 cig/day), count (%) 37 (36%)

 Heavily exposed (≥ 10 cig/day), count (%) 66 (64%)

Household second-hand smoke exposure

 % exposed prenatally (not including active exposure) 40% 50%

 % exposed at adolescence 31% 73% *

Mean parental age (SD) at baseline (years) 42.4 (6.0) 42.8 (5.0)

Young maternal early age at first birth (≤19) 22% 27%

Single parent 25% 34%

Father with less than high school education 10% 19%

Mother with less than high school education 6% 16% *

*
Significant difference, p < .05
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