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The serotonin transporter promoter polymorphism moderates the
continuity of behavioral inhibition in early childhood

VICTORIA C. JOHNSON, KATIE R. KRYSKI, HAROON I. SHEIKH, HEATHER J. SMITH, SHIVA M. SINGH,
AND ELIZABETH P. HAYDEN
University of Western Ontario

Abstract

Persistently elevated behavioral inhibition (BI) in children is a marker of vulnerability to psychopathology. However, little research has considered the
joint influences of caregiver and child factors that may moderate the continuity of BI in early childhood, particularly genetic variants that may serve as markers
of biological plasticity, such as the serotonin transporter linked polymorphic region (5-HTTLPR). We explored this issue in 371 preschoolers and their
caregivers, examining whether parent characteristics (i.e., overinvolvement or anxiety disorder) and child 5-HTTLPR influenced the continuity of BI between
ages 3 and 5. Measures were observational ratings of child BI, observational and questionnaire measures of parenting, and parent interviews for anxiety
disorder history, and children were genotyped for the 5-HTTLPR. Parent factors did not moderate the association between age 3 and age 5 BI; however, child BI
at age 3 interacted with children’s 5-HTTLPR variants to predict age 5 BI, such that children with at least one copy of the short allele exhibited less continuity of
BI over time relative to children without this putative plasticity variant. Findings are consistent with previous work indicating the 5-HTTLPR short variant
increases plasticity to contextual influences, thereby serving to decrease the continuity of BI in early childhood.

Children show tremendous individual differences in emo-
tional reactivity and self-regulation (Rothbart, Ahadi, &
Evans, 2000; Rothbart & Derryberry, 1981). Such differences
fall under the rubric of temperament, and have been associ-
ated with an array of positive and negative outcomes across
development in domains such as mental health, physical
health, and psychosocial functioning (e.g., Anzman-Frasca,
Stifter, & Birch, 2012; Clauss & Blackford, 2012; Gest,
1997; Rothbart, 1989; Rothbart et al., 2000). In particular,
there has been great interest on the part of developmental psy-
chopathologists in the temperamental trait behavioral inhibi-
tion (BI), the tendency to exhibit heightened fear responses
and reticence when confronted with novelty (e.g., Garcia-
Coll, Kagan, & Reznick, 1984; Kagan, Reznick, Clark, Snid-
man, & Garcia-Coll, 1984). The current study investigated a
select array of factors that may influence the continuity of BI
in early childhood.

The study of BI and its continuity has practical relevance
given its implications for children’s socioemotional function-
ing and mental health outcomes. More specifically, although
children with high BI are more cooperative, have better atti-
tudes toward school, and greater school competence, they
also have poorer quality social relationships (e.g., Chen,
Chen, Li, & Wang, 2009; Gest, 1997; Graham & Coplan,

2012; Hirshfeld-Becker et al., 2007; Izard, Schultz, Fine,
Youngstrom, & Ackerman, 1999; Roswell & Coplan, 2013).
In addition, BI has been widely implicated in vulnerability to
internalizing and other disorders (e.g., Lahat, Hong, & Fox,
2011; Oppenheimer, Hankin, Young, & Smolen, 2013), in-
cluding social anxiety disorder (e.g., Gladstone, Parker, Mitch-
ell, Wilhelm, & Malhi, 2005; Hirshfeld-Becker et al., 2008;
Rotge et al., 2011), panic disorder (Rosenbaum, Biederman,
Hirshfeld, Bolduc, & Chaloff, 1991), depression (Muris, Mee-
sters, & Spinder, 2003; Muris, Merckelbach, Schmidt, Gadet,
& Bogie, 2001), and obsessive–compulsive disorder (Coles,
Schofield, & Pietrefesa, 2006), and BI could mark an increased
predisposition for comorbidity of depressive and anxious dis-
orders (Rosenbaum et al., 2000). In a recent meta-analysis,
Clauss and Blackford (2012) found a greater than sevenfold
increase in the risk for developing social anxiety disorder
among individuals high in BI. This increased vulnerability
to social anxiety has been observed across studies using dif-
ferent methods, including retrospective studies in which par-
ticipants recalled their own childhood levels of BI (e.g., Glad-
stone et al., 2005; Hayward, Killen, Kraemer, & Taylor,
1998; Rotge et al., 2011) as well as longitudinal studies col-
lecting observational (e.g., Biederman et al., 2001; Hirshfeld-
Becker et al., 2007) and parent reported (e.g., Muris, van
Brakel, Arntz, & Schouten, 2011) BI.

However, the influence of BI on vulnerability may vary as
a function of its continuity over time; in particular, relative to
children who exhibit high BI at a single time point, longitu-
dinal studies show that youth with persistently high BI
show a robust increase in vulnerability to anxiety disorders
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(e.g., Hirshfeld, et al., 1992; Vreeke, Muris, Mayer, Huijding,
& Rapee, 2013). For example, Chronis-Tuscano et al. (2009)
observed that maternally reported, persistently high BI across
infancy and early childhood was associated with an almost
four times increased risk for a diagnosis of social anxiety
disorder in adolescence. In addition, in a longitudinal study
of 238 children followed from birth to ninth grade, Essex,
Klein, Slattery, Goldsmith, and Kalin (2010) found that per-
sistently high BI, assessed using self- and informant reports
(i.e., mothers’, teachers’, and children’s reports), was related
to increased vulnerability to social anxiety disorder by ado-
lescence. Thus, persistently elevated BI appears to confer
especially heightened vulnerability to negative outcomes,
suggesting that identifying factors that predict its continuity
should be an important goal for developmental psychopathol-
ogists.

Continuity of BI

Temperament and personality traits, including BI, are con-
ceptualized as “endogenous basic tendencies” (McCrae
et al., 2000, p. 175) that exhibit both continuity and change
over time. Consistent with this, moderate albeit variable esti-
mates of the continuity of BI are reported (e.g., Essex et al.,
2010; Johnson et al., 2016; Kagan, Reznick, & Snidman,
1988; Kerr, Lambert, Stattin, & Klackenberg-Larsson,
2014; Natsuaki et al., 2013; Rubin, Burgess, & Hastings,
2002; Scarpa, Raine, Venables, & Mednick, 1995). These es-
timates vary due to an array of factors, such as how BI was
assessed (e.g., laboratory vs. parent report), the consistency
with which BI was operationalized at different assessments,
the time frame used for follow-up(s), and whether children
were recruited based on extreme BI scores, among other
factors. Initially, Kagan and Moss (1962) reported high per-
sistence of fearfulness in toddlers they followed through
adulthood; in subsequent studies, Kagan, Reznick, Clarke,
Snidman, and Garcia-Coll (1984) and Kagan, Reznick, Snid-
man, Gibbons, and Johnson (1988) reported moderate conti-
nuity of BI in children selected for extreme BI. For example,
Kagan, Reznick, and Snidman (1988) reported significant
correlations between observed BI between 14 and 20 months
(r ¼ .52) and 14 and 32 months (r ¼ .44) in 100 children;
however, BI at ages 14 and 20 months was unrelated to age
4 BI. Similarly, Gest (1997) found that interviewer-rated BI
showed strong continuity in both childhood (median r ¼ .55)
and early adulthood (median r ¼ .59). In contrast, Scarpa
et al. (1995) found much lower continuity of BI in Mauritian
children assessed for BI at the ages of 3, 8, and 11 years
(rs ¼ .10–.21), using observational measures and informant
reports. Overall, this work indicates both continuity and
change in BI (e.g., Degnan & Fox, 2007; Kagan, 1997).

Given that persistently elevated BI is implicated in vulner-
ability, a greater understanding of which factors moderate the
relationship between early and later BI could facilitate tar-
geted, and thus cost-effective, prevention and intervention
strategies. Studies speaking to this question have implicated

an array of factors in the continuity of BI, reviewed as fol-
lows. Only some of this work has used longitudinal methods;
nevertheless, because factors associated with BI at one time
point may also influence its continuity, studies using both
cross-sectional and longitudinal designs are reviewed here.
Work examining constructs related to BI (e.g., shyness and
social reticence), as well as BI’s predictive validity for con-
ceptually related constructs, will also be discussed.

Caregiver factors, BI, and its continuity

Parenting. Associations between parenting and children’s BI
have been extensively studied. Linkages between BI and
early care likely develop through multiple, complex path-
ways, some of which may involve gene–environment correla-
tion such that the same genetic variants that predispose to
maladaptive parenting also confer heightened BI to children;
here, our goal is to describe the literature from an agnostic
standpoint with regard to the origins of parenting and the
mechanisms behind parenting–BI associations.

Early care appears to be an important consolidating influ-
ence (e.g., Hane, Cheah, Rubin, & Fox, 2008; Rubin et al.,
2002). For example, Rubin et al. (2002) found that observa-
tionally assessed maternal intrusive control and derisive com-
ments moderated the relationship between 2-year-olds’ BI
and social reticence at age 4, such that when mothers exhib-
ited intrusive control and/or derisive comments, children
who were high in BI at age 2 were high in social reticence at
age 4. In another study, Hane et al. (2008) found that observed
maternal hostility and negative control moderated the relation-
ship between children’s reticence at age 4 and social with-
drawal at age 7; children who were high in reticence at age 4
and who were exposed to high maternal negativity exhibited
high levels of social withdrawal at age 7. Rubin, Hastings,
Stewart, Henderson, and Chen (1997), moreover, found that
toddlers who were consistently inhibited across nonsocial,
adult-social, and peer-social contexts had mothers who were
high in observed oversolicitousness, a parenting style charac-
terized by unresponsive yet physically affectionate care.

However, less work has tested the moderating role of pa-
rental overinvolvement (i.e., parental care that is overly in-
volved, excessively controlling, or protective) in consolidat-
ing children’s BI over time, despite the intuitive appeal of
such models. Multiple mechanisms could drive the influence
of overinvolvement on BI continuity. Given that BI is charac-
terized by fearfulness and reticence when confronted with
novelty, parenting that facilitates exposure to, rather than pro-
tects children from, unfamiliar stimuli may serve to reduce BI
over time. Thus, lower levels of parental overinvolvement
might increase children’s exposure to novelty, thereby en-
hancing the occasions children have to learn coping strategies
for confronting novel, anxiety-provoking situations, conse-
quently leading to lower child BI (e.g., Muris et al., 2011).
Such an explanation would be consistent with behavioral
models of anxiety that focus on the role of exposure in treat-
ing anxiety (e.g., Abramowitz, Deacon, & Whiteside, 2010).
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Similarly, it would also be consistent with the principle of
“steeling,” which proposes that mild stress exposure pro-
motes resilience (e.g., Liu, 2015; Rutter, 2012). This collec-
tive literature indicates that conquering mild stressors may fa-
cilitate new learning and coping skills, as well as a sense of
psychological mastery, thereby leading to resilience and use
of adaptive strategies when confronted with consequent stress
(e.g., Wu et al., 2013); the absence of such mild stressors, as
in the case of high levels of parental overinvolvement, may
therefore contribute to the persistence of high BI over time.

Although aspects of overinvolved parenting and related
constructs have been associated with both child anxiety and
BI continuity, most of the relevant literature has focused on
the mediating role of related parenting behaviors. For exam-
ple, Kiel and Buss (2012) found that observed overprotective
parenting (defined as excessive parental comfort and affec-
tion, as well as parenting that shelters children from stress
yet constrains children’s autonomy) mediated the relationship
between observed fearful temperament at age 2 and mater-
nally reported shyness/inhibition at age 3. Furthermore,
parental overcontrol, a construct that shares features with
overprotective parenting (i.e., inappropriate and excessively
“protective, directive, and controlling behaviors,” Lewis-
Morrarty et al., 2012, p. 1365), may increase the vulnerability
to anxiety associated with BI. Lewis-Morrarty et al. (2012)
investigated the relationship between persistently elevated
BI, parental overcontrol, and social anxiety, finding that per-
sistently elevated BI in childhood was significantly associ-
ated with greater social anxiety in adolescence only when
mothers were also high in overcontrol, suggesting that height-
ened BI over time may mark anxiety vulnerability most
clearly in the context of overprotective parenting. However,
given the potentially vast and cost-effective implications for
parenting interventions, extension of this research is impera-
tive. Because the majority of parenting styles previously im-
plicated in BI continuity involve aspects of overinvolvement,
such care may serve to consolidate BI in early childhood.
Thus, longitudinal research specifically examining the role
of overinvolvement on the continuity of BI is needed.

Parent anxiety disorder. Parent anxiety may influence the
continuity of child BI through various mechanisms. Cross-
sectional associations between parental internalizing disor-
ders (i.e., anxiety and depression) and children’s BI have
been reported; for example, Rosenbaum et al. (2000) ob-
served that young children (between the ages of 2 and 6) of
parents with both panic disorder and major depression dis-
played elevated rates of BI. In addition, Aktar, Majdandžić,
de Vente, and Bögels (2013) found links between infant BI, ex-
pressed parental anxiety, and infant avoidance, such that ex-
pressed parental anxiety was related to infants’ avoidant behav-
iors only when infants showed moderate to high levels of BI.
However, longitudinal research on the influence of parental
anxiety disorder on the continuity of children’s BI is lacking.

In addition, parental internalizing disorder is associated
with distinct, potentially maladaptive parenting styles (e.g.,

Degnan & Fox, 2007). Mothers with diagnosed anxiety, for
example, have been shown to grant less autonomy and engage
in catastrophizing when parenting (Moore, Whaley, &
Sigman, 2004; Whaley, Pinto, & Sigman, 1999; Woodruff-
Borden, Morrow, Bourland, & Cambron, 2002); these high-
risk parenting behaviors may subsequently influence the
continuity of child BI. Given the ties between maternal
anxiety and parenting styles implicated in children’s BI
(i.e., parental overinvolvement), studies must account for
both parental anxiety and parental overinvolvement to deter-
mine the unique effects of each, if any, on the persistence of
child BI; however, very few studies have included both puta-
tive influences in the same model.

Child factors influencing BI and its continuity

Genes. Specific genetic variants have been implicated in BI
or related behaviors (e.g., Garcia et al., 2013; Lamb et al.,
2010; Rogers, Shelton, Shelledy, Garcia, & Kalin, 2008;
Rubin et al., 2013), particularly within high-risk contexts
(e.g., poor parenting; Burkhouse, Gibb, Coles, Knopik, &
McGeary, 2011). One such gene is the serotonin transporter
(5-HTT) gene, particularly the linked polymorphic region
variant (5-HTTLPR; e.g., Fox, Henderson, Marshall, Nichols,
& Ghera, 2005; Lanzenberger et al., 2007; Ohara, Nagai, Su-
zuki, Ochiai, & Ohara, 1998; Schinka, Busch, & Robichaux-
Keene, 2004). For example, Fox, Nichols, et al. (2005) found
that children with a 5-HTT short allele exhibited greater BI in
the context of low social support. The association between
5-HTTLPR and amygdala responding may be a neural mecha-
nism that explains the polymorphism’s influence on BI, given
a recent meta-analysis finding associations between the short
5-HTTLPR allele and heightened amygdala activity (Murphy
et al., 2013). Individuals with elevated BI in infancy have
been found to display heightened amygdala responses to nov-
elty in adulthood (Schwartz, Wright, Shin, Kagan, & Rauch,
2003).

The 5-HTTLPR polymorphism has recently been invoked
as a marker of differential susceptibility or biological plastic-
ity to context (Belsky & Pluess, 2012, 2013; Belsky et al.,
2009; Pluess & Belsky, 2009). These concepts posit that bi-
ological or other processes confer heightened responsivity
to experience, such that those with such characteristics exhibit
especially negative outcomes in the presence of adversity and
especially positive outcomes in the presence of positive, sup-
portive contexts (e.g., Belsky & Pluess, 2009, 2013; Boyce &
Ellis, 2005). In particular, 5-HTTLPR may be a marker of
such plasticity because it has been found to moderate the in-
fluence of current life events on neuroticism; when compared
to individuals with two copies of the 5-HTTLPR long allele,
individuals with two copies of the 5-HTTLPR short allele ex-
hibited greater neuroticism in the presence of more negative
life events but exhibited less neuroticism in the presence of
more positive life events (Pluess, Belsky, Way, & Taylor,
2010). Other studies have found genetic susceptibility to fam-
ily support, such that youth with the short allele tended to
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have greater depressive symptoms in the presence of poor
family support and tended to have the fewest depressive
symptoms in the presence of high family support (e.g., Dal-
ton, Hammen, Najman, & Brennan, 2014; Li, Berk, & Lee,
2013) relative to those without this allele. In addition, the
5-HTTLPR short allele has been associated with differential
susceptibility to depression in stressful contexts. Specifically,
one study found that children with the short allele displayed in-
creased depressive symptoms when exposed to high stress and
fewer depressive symptoms when exposed to low stress, com-
pared to children without a short allele. In this study, differen-
tial susceptibility was only found for children who showed low
levels of emotion regulation and also had a short allele, sug-
gesting the complexity of Gene�Environment (G�E) interac-
tions (Ford, Mauss, Troy, Smolen, & Hankin, 2014).

Given the emerging literature implicating 5-HTTLPR in
differential susceptibility (e.g., Dalton et al., 2014), and the
associations between 5-HTTLPR and BI (e.g., Burkhouse
et al., 2011), research investigating the potential role of
5-HTTLPR in moderating the continuity of BI over time
may be relevant in mitigating vulnerability to internalizing
disorders. More specifically, the 5-HTTLPR short allele
may leave children more susceptible to both positive and
negative contexts. To the extent that such children encounter
an array of contextual influences during childhood, some of
which serve to increase BI and some of which decrease BI,
these children may exhibit less continuity of BI over time
compared to children without this allele.

Objectives of Current Study

The current study investigated moderators of the continuity of
BI in early childhood, building on extant work by examining
a broader range of putatively relevant biological and con-
textual factors, using a multimethod, longitudinal approach
and a community sample of a larger size than most previously
studied. Based on previous research (e.g., Johnson et al.,
2016; Kiel & Buss, 2012; Lewis-Morrarty et al., 2012), we
predicted that parental overinvolvement would moderate the
relationship between BI at baseline and follow-up, such that
overinvolvement at baseline would increase the continuity
of BI. In an extension of the cross-sectional research on pa-
rental internalizing disorder and BI, we also aimed to longi-
tudinally investigate the potential moderating role of parental
anxiety on the continuity of BI, predicting that parental anx-
iety would interact with child BI to increase the continuity of
BI over time. Finally, we planned to test the influence of a
proposed “plasticity gene” on BI in young children, predict-
ing that the short variant of the 5-HTTLPR would be associ-
ated with lower continuity of BI between the ages of 3 and 5
years, due to its putative role in heightening children’s re-
sponsivity to a broad array of influences likely to both in-
crease and decrease BI.

Due to the difficulties associated with assessing tempera-
ment and related constructs in infancy (e.g., Hubert, Wachs,
Peters-Martin, & Gandour, 1982) and considering that early

childhood is a developmental period during which there is
support for increased continuity of temperament as well as
plasticity (e.g., Caspi et al., 2003; Van den Akker, Deković,
Prinzie, & Asscher, 2010), we initially assessed children at
age 3 and then again at age 5. Moreover, our study’s emphasis
on parental factors also led us to concentrate on early child-
hood, because parents are the main source of children’s so-
cialization during early childhood and have a crucial influ-
ence on children’s development during this age range (e.g.,
Root & Stifter, 2010) and long-term (e.g., Essex et al.,
2010). In addition, we relied on laboratory measures to assess
BI, which are viewed as the “gold standard” approach (Ka-
gan, 2003). Furthermore, given that much of the current BI
literature has focused on discrete groups of children with ex-
treme levels of BI (e.g., Kagan, Reznick, Snidman, Gibbons,
& Johnson, 1988), which potentially inflates estimates of BI
continuity, the present study used continuous measures of BI,
looking at children across the range of BI scores.

Method

Data for this study were collected in two waves. The first
wave was collected over 2 years and comprised a 2-hr labora-
tory visit (during which child DNA, child temperament data,
and observed parenting data were collected) and a 2.5-hr
home visit carried out within 2 weeks of the laboratory visit
(during which additional observed parenting data were col-
lected). The second wave was initiated roughly 30 months
after the first laboratory visit and comprised a 2-hr laboratory
visit (during which child temperament and observed parent-
ing data were collected) and a telephone or face-to-face inter-
view (during which the lifetime psychiatric history of biolog-
ical caregivers was assessed).

Baseline assessment

Participants. Participants were an unselected community sam-
ple of 409 families from southwestern Ontario. Families were
recruited through a university’s developmental research partic-
ipant pool and through advertisements placed in local daycares,
preschools, recreational facilities, and on websites. A screening
procedure administered by trained study personnel at the re-
cruitment phase was used to exclude children with significant
medical or psychological impairments. The Peabody Picture
Vocabulary Test (PPVT; Dunn & Dunn, 1997) was adminis-
tered to children to screen for significant cognitive impairment
and English proficiency; participants scored within the average
range (M¼ 111.94, SD¼ 14.32). Written consent for the child
was acquired from the child’s primary caregiver; written con-
sent from parents for their own participation was also attained.
Monetary compensation was provided, the total amount of
which varied depending on the aspect of the study in which
participants were involved (e.g., participants received $100
CAD for participation in the laboratory visit).

Children (201 boys; 49.1%) were a mean age of 3.43 years
(SD¼ 0.30) and most had a mother as their primary caregiver
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(N¼ 380; 93.0%). The mean age of mothers was 33.25 years
(SD ¼ 4.62), and the mean age of fathers was 35.01 years
(SD¼ 4.89). Of the families for whom we have the following
demographic data, approximately one-quarter of children
spent no time in care outside of the house (e.g., daycare or
preschool; N ¼ 105; 26.0%). Most mothers (N ¼ 259;
71.6%) and fathers (N ¼ 350; 94.0%) worked outside
of the home. Most mothers (N ¼ 366; 93.7%) and fathers
(N¼ 316; 82.0%) had at least some postsecondary education.

Of the families for whom we had data on ethnicity (N ¼
405; 99.0%), 91.6% identified themselves as Caucasian
(N¼ 371), 1.5% identified as Asian (N ¼ 6), and 6.9% iden-
tified as other race (N¼ 28). The majorityof parents were mar-
ried (N¼ 330; 81.7%) or living together (N¼ 24; 5.9%); 1.5%
of participants did not provide this information (N¼ 6). Almost
all of the participating children for whom we have data lived
with their biological mothers (N¼ 398; 98.3%) and biological
fathers (N ¼ 354; 87.4%). Approximately half of the families
reported a family income between $40,000 and $100,000
CAD (N ¼ 207; 50.4%), 29.8% reported a family income of
over $100,000 CAD (N¼ 122), 10.7% reported an income be-
tween $20,000 and $40,000 CAD (N ¼ 44), 3.9% reported an
income of less than $20,000 CAD (N ¼ 16), and 5.1% (N ¼
21) did not report a family income.

Laboratory assessment of temperament and parenting. Chil-
dren participated in 12 standardized laboratory tasks taken
from the Laboratory Temperament Assessment Battery
(Lab-TAB; Goldsmith, Reilly, Lemery, Longley, & Prescott,
1995) with a female experimenter. Tasks were designed to
elicit a wide array of temperamental characteristics and
were videotaped for coding purposes. Carryover effects
were minimized by ensuring that no tasks meant to elicit
comparable affective reactions occurred successively; chil-
dren were also given a short opportunity to play in between
each task to return to a baseline state. The complete assess-
ment spanned a total of 1.5 to 2 hr.

Of the 12 Lab-TAB tasks, BI was coded in three tasks (risk
room, stranger approach, and jumping spider), which were se-
lected based on previous research using similar tasks to assess
behaviors relevant to the trait of BI. Such procedures are consis-
tent with past research using observational measures of tempera-
ment (e.g., Durbin, Klein, Hayden, Buckley, & Moerk, 2005;
Mackrell et al., 2014; Olino, Klein, Dyson, Rose, & Durbin,
2010),which suggest BI isa specific response to novel situations
(e.g., Laptook, et al., 2008; Laptook, Klein, Olino, Dyson, &
Carlson, 2010). A parent was present in the main experimental
area with his/her child for all episodes except stranger approach
and two other episodes not used in the present study; he or she
was instructed to work on questionnaires at a desk in the back
corner of the room while avoiding interaction with the child.
Parenting was coded in one task. A description of the three BI
episodes and the parenting episode is provided below.

Risk room. The child and experimenter entered a room
containing novel and ambiguous stimuli, including a small

staircase, a mattress, a balance beam, a Halloween mask, a
cloth tunnel, and a large, black cardboard box. The experi-
menter left for 5 min after instructing the child to play with
the stimuli “however you like.” When the experimenter re-
turned, she asked the child to interact with each stimulus in
the room.

Puzzle with parent (teaching task). Based on the Teaching
Tasks battery (Egeland et al., 1995), the child and parent were
seated at a table in the center of the experimental room and
given a difficult block puzzle to work on together for 5 min
while the experimenter left them alone. Child and parent
collaborated on the puzzle, which had six different solutions,
until the experimenter returned. To enhance motivation to
complete the puzzle, the dyad was told to place the pictures
of their completed puzzles on one corner of their table so
they could show the experimenter how many they were
able to solve by the end of the episode. This task was coded
for parenting behavior (as described subsequently).

Stranger approach. The child was left alone in the exper-
imental area under the premise that the experimenter needed
to get a toy for further play. While the child was alone, an un-
familiar male research assistant entered the room and spoke to
the child while slowly moving closer, following a standard-
ized script and timed intervals. After asking the child four
standardized questions, the stranger left and the main exper-
imenter returned. The same stranger then returned, greeted
the experimenter and child, and was introduced to the child
as the experimenter’s friend.

Jumping spider. The child and experimenter were seated at
a table in the center of the room when a research assistant
brought in a terrarium with a fuzzy, fake, black spider and
placed it on the table. The experimenter showed the spider
to the child and asked the child to touch the spider; when
the child’s hand was close to the spider, the experimenter ma-
nipulated the spider using an attached wire, making it appear
to jump. This was repeated for a total of four trials, with the
experimenter coaxing the child to touch the spider each
time. At the end of the fourth trial, the experimenter showed
the child that the spider was a toy.

BI coding. Videorecordings of the laboratory tasks were
coded by trained graduate and undergraduate raters. Raters
were trained to an intraclass correlation of 0.80 with a master
coder. Once this standard was reached, periodic reliability
checks were conducted on 15%–20% of all participants. Cod-
ers periodically met as a group to review recordings and pre-
vent observer drift.

BI microcoding. Episodes were divided into 20- to 30-s
epochs, using a system based on Goldsmith et al. (1995). In
each epoch, fearful affect was coded such that the maximum
intensity display was rated on a 3-point scale. As described in
the next section, specific behaviors were coded in each indi-
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vidual epoch to evaluate the presence and intensity of con-
ventional BI behavioral responses. The peak intensity of
each behavior was coded for all epochs.

Risk room was divided into two phases for coding pur-
poses. The first phase, which was divided into 30-s epochs, be-
gan when the child entered the room and ended when the ex-
perimenter returned. Latencies to touch each specific object
were recorded, as well as the latency to the child’s first fear re-
sponse and to the child’s first verbalization. In each epoch,
bodily fear, tentative play, time spent playing, references to
parent (i.e., child looks to parent), proximity to parent, fearful
or wary questions or comments, and amount of time talking
were all coded. The second phase of this episode began
when the experimenter returned to the room and ended when
the child and experimenter exited the room. In this phase, la-
tencies to comply with the experimenter’s requests were re-
corded. This phase was divided into 20-s epochs for microcod-
ing. All the same behaviors were coded as in the first phase,
with the exception of time spent playing and amount of time
talking. In addition, noncompliance and references experi-
menter (i.e., child looks to experimenter) were coded.

In stranger approach, bodily fear and vocal fear were coded
during each epoch using codes highly similar to those used to
code risk room. In addition to these behaviors, stilling/freez-
ing was coded as the duration, in seconds, that a child exhib-
ited a marked decrease in activity that exceeded two seconds
and involved little or no movement. Approach, avoidance,
gaze aversion, and verbal/nonverbal interaction were also
coded; however, they were coded only for epochs in which
the stranger was present. The latency from the time the exper-
imenter said she would leave the room to the child’s first fear
response was also recorded, as was the latency from the time
the stranger entered the room to the child’s first vocalization.

Jumping spider was divided into four trials for coding pur-
poses; each trial began when the experimenter told the child
to “go ahead and pet the spider.” Latency to the first definite
fear response was coded. In each trial, intensity of fear expres-
sion, intensity of bodily fear, intensity of vocal distress, inten-
sity of bodily fear, approach, withdrawal, gaze aversion, and
startle were coded. At the end of the episode, the presence or
absence of play with spider was coded based on the child’s
play with the spider when given the opportunity to do so after
the last trial. Verbalizations were also coded as present if the
child vocalized during the episode.

Reliability for each task was high (risk room intraclass cor-
relation [ICC] ¼ 0.92, stranger approach ICC ¼ 0.87, jump-
ing spider ICC¼ 0.91). Item analysis was used to create a BI
scale, after standardizing and reverse-coding items as neces-
sary. The final BI scale consisted of an average of z-scored
codes (a ¼ 0.79, N ¼ 39; ICC ¼ 0.71, N ¼ 32) from risk
room, stranger approach, and jumping spider.

Parenting coding. Video recordings of the laboratory visits
(i.e., puzzle with parent) were coded by trained undergraduate
and graduate raters who were trained in the same manner as
the BI coders. Parenting variables were coded such that a

global rating for each variable was given based on the par-
ent–child interactions throughout the entire episode. Ratings
scales were developed from the Teaching Tasks coding man-
ual (Weinfield, Egeland, & Ogawa, 1998) and Qualitative
Ratings for Parent–Child Interactions (Cox & Crnic, 2003).
Seven scales concentrated on parent behavior, eight scales
concentrated on child behavior, and two scales were more
dyadic. For purposes of the current study, the parent intrusive-
ness scale was used. Parent intrusiveness was coded on a 7-
point scale ranging from 1 (none) to 7 (very high). Reliability
for the teaching task was high (ICC ¼ 0.90; N ¼ 61).

Genetic data. At the initial laboratory visit, buccal cell sam-
ples were collected from all 409 participants by softly rubbing
the inside of the child’s cheek with a cotton swab (Epicentre,
Madison, WI), and was extracted by Qiagen DNA MicroKitw
(Mississauga, ON, Canada). DNA was extracted following
manufacturer’s protocols. All children were genotyped for
the serotonin transporter promoter (5-HTTLPR short/long)
gene variants using allele-specific TaqMan polymerase chain
reaction (Sheikh, Hayden, Kryski, Smith, & Singh, 2010).
For 5-HTTLPR, allele frequencies were as follows: long/
long ¼ 127 (31%), short/long ¼ 193 (48%), and short/short
¼ 85 (21%). This genotype distribution is consistent with
Hardy–Weinberg equilibrium, x2 (1) ¼ 0.54, p ¼ .46. Given
the previous literature on plasticity (e.g., Dalton et al., 2014;
Li et al., 2013; Pluess et al., 2010), children with a copy of the
short allele were considered to possess the 5-HTTLPR plastic-
ity allele.

Home assessment of parenting. Observed parenting data was
also collected during a home visit that occurred within 2
weeks of the laboratory visit. Two semistructured parenting
tasks were conducted during this home visit, called the three
bag and prohibition tasks.

Three bag task. This task was established from a task de-
veloped by the National Institute of Child Health and Human
Development (1997), modified by Ipsa et al. (2004). The pri-
mary caregiver and his or her child were directed to play to-
gether with three bags of toys. The first bag held a book,
the second bag held a set of toy kitchen items, and the third
bag held a farmhouse play set. The pair was instructed to
play with the toys in order and to put away one set of toys be-
fore proceeding to the next set. This free play paradigm con-
tinued for approximately 10 min.

Prohibition task. This task was intended to elicit negative
parenting behaviors. The primary caregiver and the child
were given two boxes of toys, the first of which contained
toys that would be fun or exciting for children in this age
group (e.g., a toy electronic guitar), and the second of which
contained unexciting and age-inappropriate toys that were
missing pieces or batteries (e.g., a plastic cone and pieces
for Mr. Potato head without the head). To begin with, the pri-
mary caregiver was instructed to prevent his or her child from
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playing with the appealing toys, thus forcing the caregiver to
engage the child in play with the unappealing toys. After 3
min, the primary caregiver was told that he or she could allow
the child to play with the toys in either box, and after 6 min of
play, the caregiver was directed to have the child put away the
toys. The child then received 5 min to tidy up. The experi-
menter provided the primary caregiver with printed instruc-
tion cards to increase the child’s perception that these orders
were coming from the caregiver instead of the experimenter.

Parenting coding. Video recordings of the home parenting
tasks were again coded by trained graduate and undergraduate
raters using a coding system virtually identical to that used for
coding the laboratory parenting task. The parent intrusiveness
scale was used for purposes of this study. Reliability for both
parenting tasks was high (three bag ICC ¼ 0.86, N ¼ 61; pro-
hibition ICC ¼ 0.87, N ¼ 61). The final parental overinvolve-
ment variable consisted of an average of z-scored intrusiveness
scores for three bag, prohibition, and puzzle with parents; in
cases where participants did not have intrusiveness scores for
all three tasks, an average of the available intrusiveness scores
were used to form the final overinvolvement score.

Follow-up assessment

Participants. Follow-up participants were 371 of the initial
409 families, an attrition rate of 9.5%. Participants who
dropped out of the study were not significantly different
from those who completed the follow-up on most study vari-
ables. However, children who did not participate in the fol-
low-up assessment had significantly lower baseline PPVT
scores compared to children who participated in both assess-
ments (M ¼ 107.68 vs. 112.44), t (397) ¼ 1.97 p ¼ .049, al-
though both were in the normal range of scores. The follow-
up visit occurred an average of 29.63 months (SD¼ 1.55) fol-
lowing the baseline laboratory assessment, when children
were an average of 5.93 years old (SD ¼ 0.31).

Laboratory assessment of temperament. Children partici-
pated in 12 standardized laboratory tasks taken from an
adapted version of the Lab-TAB (Goldsmith et al., 1995),
which were similar to the initial laboratory tasks but designed
to be age-appropriate for somewhat older children. Similar to
the baseline assessment, BI was assessed in three tasks: ex-
ploring new objects, stranger approach, and object fear; be-
cause these were the only episodes used in the current study,
the remainder of the tasks are not described further here.

Exploring new objects. The child and experimenter en-
tered a room containing various novel and ambiguous stimuli,
which included a tunnel, a remote-controlled spider, a skull
and cloth, a box with a toy heart inside, and a box with
“worms” inside. The experimenter left for a total time of 5
min after giving the child permission to play with the objects
in the room. When the experimenter returned, she asked the
child to interact with each stimulus in the room.

Stranger approach. The child was left alone in the exper-
imental area with a toy. While the child was alone, an unfa-
miliar male research assistant entered the room. Following a
standardized script and timed intervals, he asked the child
friendly questions and asked to play with the toy together.

Object fear. The experimenter instructed the child to in-
vestigate “something scary” in a pet carrier, leaving the child
alone in the room. After 1 min, the experimenter returned and
asked the child about the item in the animal carrier. If the
child had not explored the carrier, the experimenter asked
the child to look and to put his or her hands into the carrier
with the experimenter present. The episode concluded with
the child discovering or being shown that the carrier con-
tained a stuffed animal hidden by shredded newspaper.

BI coding. At the age 5 follow-up, affective and behavioral
microcoding procedures were very similar to those used
for the initial age 3 baseline tasks. Videorecordings of the
follow-up laboratory visits were again coded by trained under-
graduate and graduate raters; these raters were trained in the
same manner as those who coded the laboratory tasks from
the initial baseline laboratory visit. Interrater reliability for
each BI task was high (exploring new objects ICC ¼ 86.3,
N¼ 55; stranger approach ICC ¼ 85.7, N ¼ 47; object fear
ICC ¼ 77.8, N ¼ 52). The final BI scale consisted of an aver-
age of z-scored codes (a¼ 0.88, N¼ 67; ICC¼ 0.98, N¼ 24)
from exploring new objects, stranger approach, and object fear.

Diagnostic interviews with parents. The Structured Clinical
Interview for DSM-IV (SCID; First, Gibbon, Spitzer, & Wil-
liams, 1996) was used to assess parent anxiety disorder his-
tory. The SCID is one of the most extensively used diagnostic
interviews, and has demonstrated interrater reliability and
procedural validity (First et al., 1996). PhD candidates in
the clinical psychology program administered the SCID after
training by a PhD-level psychologist, the principal investiga-
tor on the larger study. The interviewers were not involved in
data collection and did not have access to data on the children.
In cases where a second biological parent was unavailable to
complete the SCID, a family history interview was conducted
with the primary biological caregiver when possible (Andrea-
sen, Endicott, Spitzer, & Winokur, 1977); data for 11 biolog-
ical fathers were gathered through family history interviews
while all mothers completed the SCID.

For purposes of the current study, a composite variable for
maternal anxiety was computed based on all maternal anxiety
disorder variables covered by the SCID; maternal history of
any anxiety disorder was coded as 1 and maternal history
of no anxiety disorders was coded as 0. A composite variable
for paternal anxiety was computed in the same way. At base-
line, 110 children (27%; 21% of mothers and 8% of fathers)
had at least one parent with a lifetime history of any anxiety
disorder, a rate comparable to that reported in major epidemi-
ological studies. Given the risk conferred for child anxiety
when either parent has a history of anxiety (e.g., Franić, Mid-
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deldorp, Dolan, Ligthart, & Boomsma, 2010; Garcia et al.,
2013), a final parental anxiety variable was computed to cap-
ture this familial risk; in the case where either a mother or a
father had a history of any anxiety disorder, parental anxiety
was coded as 1 and when neither mother nor father had such a
history, as 0. Interrater reliability for the SCID was calculated
based on 33 audiotaped interviews (21 mothers and 12 fa-
thers) and was high (lifetime anxiety disorder, k ¼ 1.00).

Results

Means, standard deviations, and bivariate correlations be-
tween demographic and other study variables are presented
in Table 1. Age 3 and age 6 BI were significantly positively
correlated, albeit modestly so; while this correlation was
fairly similar to laboratory-based studies of BI found across
comparable follow-up intervals (e.g., Broberg, Lamb, &
Hwang, 1990; Scarpa et al., 1995), it was smaller than asso-
ciations reported in other studies, especially those involving
children selected for extreme BI scores (e.g., Kagan et al.,
1984; Kagan, Reznick, & Snidman, 1988). Age 3 and age 6
BI were significantly and positively correlated with child
sex, such that girls exhibited higher BI than boys; this associa-
tion is consistent with some past work (e.g., Essex et al., 2010;
Hane et al., 2008). BI at both time points was significantly and
negatively correlated with child age at baseline, albeit very
modestly so. Age 3 BI showed a small, significant positive cor-
relation with 5-HTTLPR, such that children with at least one
copy of the short allele exhibited higher age 3 BI.

In addition, parental overinvolvement at baseline was sig-
nificantly and negatively correlated with child sex and child
age at baseline; parents displayed more overinvolvement
with younger children, and with boys. Overinvolvement
showed a small, significant negative correlation with PPVT
scores, such that higher overinvolvement was associated

with lower PPVT scores. Moreover, family income showed
a small, significant positive correlation with children’s
PPVT scores. Family income also showed small, albeit sig-
nificant, negative correlations with age 3 BI and overinvolve-
ment. There were no significant correlations between parental
anxiety and any relevant study variables.

Multiple regression was used to investigate whether puta-
tive influences on the continuity of child BI interacted with
age 3 BI to predict age 5 BI, following standard procedures
for testing interactions in multiple regression (Aiken &
West, 1991). Prior to running the regression analyses, contin-
uous variables were standardized and dichotomous variables
were dummy-coded. Given research showing sex differences
in BI (e.g., Doey, Coplan, & Kingsbury, 2014; Fox, Hender-
son, et al., 2005) and the significant correlations between
child sex and age 3 BI, age 5 BI, and parental overinvolve-
ment in this data, child sex was treated as a covariate in all
models. Because child age at baseline was also significantly
correlated with all temperament variables and parental over-
involvement, we initially included it as a covariate in all mod-
els; however, because there were no significant main effects
of child age and including it as a covariate did not change
our findings, it was dropped from final models. Partial corre-
lations (rp) are provided as bounded measures of effect size.
Given our examination of the 5-HTTLPR, we ran models ex-
cluding all non-Caucasian participants to address population
stratification. However, results were virtually identical with
the inclusion of non-Caucasian participants in models; thus,
models including all participants are presented here.

To make final models more parsimonious, nonsignificant
interaction terms in preliminary model tests were dropped.
Tests of simple slopes and regions of significance were
used to understand significant interactions. To test regions
of significance, Hayes and Matthes’ (2009) guidelines for
the Johnson–Neyman technique (Johnson & Fay, 1950)

Table 1. Correlations between study variables

1 2 3 4 5 6 7 8 9 10

1. Age 3 BI —
2. Age 5 BI .28** —
3. 5-HTTLPR .11* 2.01 —
4. Age 3 paren. overinvolv. 2.05 2.03 2.02 —
5. Parental AD .05 .05 .06 2.03 —
6. Family income .05 2.10* .04 2.17** 2.07 —
7. Child sex .15** .18** .07 2.11* 2.01 2.02 —
8. Child age 2.17** 2.10* 2.06 2.11* 2.03 .06 .06 —
9. Child race 2.06 2.09 2.03 2.09 2.04 .07 2.06 2.06 —

10. PPVT score 2.05 2.01 .04 2.28** .01 .11* .07 .05 2.02 —

N 409 394 405 409 409 389 409 409 409 399
Mean or % 0.0036 0.0068 69% 2.79 27% 3.73 51% 3.43 92% 112.00
SD 13.00 0.44 — 0.46 — 0.94 — 0.44 — 0.50

Note: BI, Behavioral inhibition; 5-HTTLPR, serotonin transporter linked polymorphic region gene; AD, anxiety disorder; PPVT, Peabody Picture Vocabulary
Test. 5-HTTLPR reported as percentage with a short allele; child sex reported as percentage girls; child age reported in years at age 3 assessment; child
race reported as percentage Caucasian; parental AD reported as percentage of children with a parent with a lifetime AD; family income: 1 ¼ ,$20,000,
2 ¼ $20,000–$40,000, 3 ¼ $40,001–$70,000, 4 ¼ $70,001–$100,000, 5 ¼ .$100,000.
*p , .05. **p , .01.
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were used. This method uses the asymptotic variances, covar-
iances, and other regression parameters to determine the
value(s) of the focal predictor variable at which groups at
varying levels of the moderator (e.g., the two levels of a di-
chotomous moderator variable) are significantly different
( p , .05) in terms of the outcome variable. In the present
case, such analyses will show which levels of age 3 BI (if
any) children with and without a short allele differ in age 5 BI.

Contrary to hypotheses, preliminary models showed that
parental overinvolvement and parental anxiety did not inter-

act with baseline BI to predict BI at follow-up ( ps . .90).
Thus, the final version of our model included age 3 BI,
5-HTTLPR, parental overinvolvement, parental anxiety, and
child sex in the first step, followed by the product of age 3
BI and 5-HTTLPR. The main effects of age 3 BI and child
sex were significant in this model (see Table 2). However,
the main effect of age 3 BI was qualified by a significant in-
teraction between age 3 BI and 5-HTTLPR. This interaction is
depicted in Figure 1. While tests of simple slopes indicated
that the relationship between BI at ages 3 and 5 was signifi-

Table 2. Children’s age 3 BI and child and parent factors as predictors of children’s age 5 BI

Overall Model Change Statistic

df R2 F Cohen f 2 df DR2 DF b

Step 1 5, 384 .10 8.41*** 0.11
Age 3 BI 0.26***
5-HTTLPR 20.05
Overinvolvement 0.001
Parental anxiety 0.04
Child sex 0.14**
Step 2 6, 383 .11 8.20*** 0.12 1, 383 .02 6.56*
Age 3 BI 0.51***
5-HTTLPR 20.06
Overinvolvement 20.01
Parental anxiety 0.04
Child sex 0.13*
Age 3 BI×5-HTTLPR 20.28*

Note: BI, Behavioral inhibition; 5-HTTLPR, serotonin transporter linked polymorphic region gene.
*p , .05. **p , .01. ***p , .001.

Figure 1. Interaction between age 3 behavioral inhibition (BI) and 5-HTTLPR genotype predicting age 5 BI in the parental overinvolvement
model. The values x ¼ –2.02 and x ¼ 0.30, derived using the Johnson–Neyman technique (Johnson & Fay, 1950), indicate the value of age
3 BI above and below which significant differences in age 5 BI emerge for children with and without a copy of the short allele. ROS, Region
of significance.
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cant both in the absence (b ¼ 0.51, p , .0001, rp ¼ .23) and
presence (b ¼ 0.20, p , .001, rp ¼ .18) of a short allele, the
association between age 3 and age 5 BI was stronger in chil-
dren without a copy of the short allele, consistent with models
of differential susceptibility.

Tests of regions of significance (Hayes & Matthes, 2009)
indicated that significant differences in age 5 BI as a func-
tion of 5-HTTLPR genotype were evident above a value of
0.30 (i.e., higher than average age 3 BI) and below a value
of –2.02 (i.e., more than two standard deviations below aver-
age age 3 BI). Thus, children with and without a short allele
differed in age 5 BI when age 3 BI was higher than average, or
when age 3 BI was particularly low.1

Discussion

We drew upon past research highlighting the roles of parent-
ing, parent anxiety, and genetic factors (e.g., Degnan & Fox,
2007; Fox, Henderson, et al., 2005; Kiel & Buss, 2012;
Moore et al., 2004; Pluess et al., 2010; Rosenbaum et al.,
2000; Rubin, Burgess, & Hastings, 2002) to explore putative
influences on the continuity of BI in early childhood. While
work has examined mediating influences on the continuity of
BI, far less is known about moderators of continuity, an
important contribution of this work. We extended previous
work by including conceptually related factors (e.g., parental
overinvolvement and parental anxiety) in the same model,
and used a longitudinal design involving a relatively large
sample size. Findings indicated that, of these proposed mod-
erators of BI continuity, 5-HTTLPR genotype was the only
significant influence on the association between age 3 and
age 5 BI, such that the relationship between BI at ages 3
and 5 was stronger in children without a copy of the short
allele. This finding is consistent with past work on the
5-HTTLPR genetic variants in differential susceptibility, in
that it suggests the short allele renders children more respon-
sive to influences that lead to greater phenotypic variability
over time.

Although studies have examined the influence of
5-HTTLPR on internalizing disorders and temperament in
both children and adults (e.g., Burkhouse et al., 2011; Chen
et al., 2014; Fox, Henderson, et al., 2005; Liu et al., 2013;
Miu, Vulturar, Chiş, Ungureanu, & Gross, 2013; Verhagen
et al., 2009), no research has specifically considered the im-
pact of 5-HTTLPR genotype on the continuity of BI. This def-

icit in the literature is surprising given the emerging support
for the role of the short allele in differential susceptibility
(e.g., Belsky & Pluess, 2012, 2013; Dalton et al., 2014; Li
et al., 2013; Pluess et al., 2010), which indicates that indi-
viduals with at least one copy of the short allele have in-
creased receptivity to both positive and negative influences
(e.g., Belsky & Pluess, 2009; Dalton et al., 2014; Ford
et al., 2014). Our finding that children with at least one copy
of the short allele exhibited less continuity of BI compared to
children without the short allele is in line with this emerging
literature, possibly because these children are more suscepti-
ble to contextual factors that serve to either increase or de-
crease BI over time.

Differences in age 5 BI based on having a short allele were
evident only for children with higher BI at age 3, and for those
with extremely low age 3 BI. When children were moderate or
somewhat low in age 3 BI, the presence or absence of the
short allele did not result in differences in age 5 BI. Although
the reasons for this effect are unclear, of children with a short
allele, those with more normative levels of BI may not re-
spond to exposure to novelty as do children with higher BI,
if their responses to novelty are already reasonably adaptive.
If so, the influence of the putative plasticity allele on BI could
be less important. It is also possible that children with a short
allele who show more typical levels of BI show evidence of
plasticity, but for a different phenotype than BI. In addition,
there were differences between children with and without a
short allele for age 5 BI when age 3 BI was extremely low,
with children without a short allele and low age 3 BI showing
especially low levels of age 5 BI. While we did not test this
possibility in the current study, it could be that such children
will ultimately prove at high risk for externalizing problems,
given their especially low inhibition and absence of the short
allele, the latter potentially reducing their capacity to adapt to
their environments.

Future studies should investigate influences that contribute
to the continuity of BI in children with a copy of the short
allele. Given cross-sectional and longitudinal research on
parenting and BI (e.g., Kiel & Buss, 2012), as well as parent
anxiety and BI, parenting styles (e.g., overprotection or intru-
siveness) and parental anxiety are a logical starting point. Un-
fortunately, we had limited power to explore three-way inter-
actions between age 3 BI, 5-HTTLPR genotype, and parent
factors, particularly anxiety, in our sample. With regard to
parenting, although we did not find interactions between
age 3 BI and parenting in the current study, overprotective
parenting has been found to moderate observed BI between
ages 3 and 6 in other work (Johnson et al., 2016) and mediate
BI-related traits between ages 2 and 3 (Kiel & Buss, 2012). In
light of the current findings, it is possible that overprotective
parenting may lead to persistently high BI only in children
with a copy of the short allele. Concerning parent anxiety,
three-way interactions between child BI, 5-HTTLPR, and pa-
rental psychopathology may also be useful to investigate in
the framework of differential susceptibility hypotheses, par-
ticularly given cross-sectional studies on child BI and paren-

1. Maternal and paternal anxiety disorders were collapsed into one parental
anxiety variable for purposes of making our model more parsimonious;
however, the pattern of findings presented remained similar when exam-
ining maternal and paternal anxiety separately. In the model investigating
maternal anxiety only, the interaction between age 3 BI and 5-HTTLPR
remained significant ( p , .05). The same trend was found in the paternal
anxiety model ( p ¼ .06). Neither maternal nor paternal anxiety signifi-
cantly interacted with age 3 BI to predict age 5 BI ( ps ¼ .92 and .93, re-
spectively). When a parental depression variable, derived in the same way
as the parental anxiety variable, was included as a covariate, results were
virtually identical.
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tal internalizing disorders (e.g., Kochanska, 1991; Moehler
et al., 2007; Rosenbaum et al., 2000). It is possible that having
a parent with an anxiety disorder may impact BI continuityonly
for children with a copy of the short allele, who may be more ge-
netically responsive to the vulnerability associated with parent
anxiety. Future longitudinal research using larger sample sizes
will be critical in exploring such three-way interactions, thereby
allowing a greater understanding of differential susceptibility in
the context of BI continuity in young children.

The possibility of increased susceptibility to context in
short allele carriers is particularly important when consider-
ing preventative efforts for children with temperamental vul-
nerability related to BI. Persistently elevated BI has been ro-
bustly implicated in anxiety disorder vulnerability (e.g.,
Chronis-Tuscano et al., 2009; Hirshfeld et al., 1992); there-
fore, prevention strategies targeting children with high BI
who are most likely to remain high in BI over time may be es-
pecially cost effective. While replication is needed, our find-
ings suggest that children without a copy of the short allele
exhibit greater continuity of BI between the ages of 3 and
5, thus potentially allowing researchers to further target those
most likely to exhibit persistently elevated BI by focusing on
children with high BI who do not have a copy of the
5-HTTLPR short allele. Alternatively, children with high BI
who have a copy of the short allele may be more responsive
to low-cost, minimal interventions given their increased sen-
sitivity to context; thus, it might also prove economical to fo-
cus less time-consuming interventions on these children,
thereby maximizing distribution of resources.

The lack of significant interactions between age 3 BI and
all other proposed moderating variables in the present study is
interesting given the current BI literature. In contrast to pre-
vious research suggesting that certain negative parenting
styles (e.g., overprotection, negativity, or solicitousness)
serve to consolidate high BI and BI-related traits in early
childhood (e.g., Degnan, Henderson, Fox, & Rubin, 2008;
Hane et al., 2008; Johnson et al., 2016; Kiel & Buss, 2012;
Rubin et al., 2002), we found no influence of parental over-
involvement on the continuity of BI. Several factors may ex-
plain this discrepancy. Our participants were from the com-
munity, which limited the extent to which more extremely
negative parenting styles were evident. In addition, the spe-
cific tasks used to assess parenting in this study were not pur-
posely designed to elicit overinvolvement. Furthermore, it is
possible that high-risk parenting styles consolidate high child
BI over time only for a subset of children, such as those with a
copy of the short allele who may possess increased biological
sensitivity to context. As previously noted, we did not have
adequate power to explore such three-way interactions be-
tween parenting, 5-HTTLPR genotype, and age 3 BI in the
present study; thus, future research investigating these poten-
tial interactions is crucial.

With respect to the lack of association between parental
anxiety and the continuity of BI in the current study, it is again
important to note that our sample was drawn from the com-
munity. Thus, the majority of parents did not have an anxiety

disorder, which limited our power to detect interactions be-
tween parental anxiety and age 3 BI. In addition, the parental
anxiety measure used in analyses took into consideration the
lifetime diagnosis of any anxiety disorder in parents, in con-
trast to a current diagnosis. The vast majority of parents were
not experiencing an anxiety disorder at the time of the study
and may not have experienced an anxiety disorder during
their children’s lifetime, thereby minimizing children’s expo-
sure to the negative sequellae associated with parental anxi-
ety. Had we recruited a clinical sample or focused on parents
currently experiencing an anxiety disorder, it is possible that
moderating effects of parental anxiety on the relationship be-
tween age 3 and age 5 BI would have been found.

Strengths and limitations

The current study has various strengths. For instance, obser-
vational measures of child temperament were used at both
baseline and follow-up assessments; observational measures
of parental overinvolvement were also used. In addition, the
present study used a relatively large sample size (with a re-
spectable retention rate of 90.5%) and a longitudinal design
that allowed 2 years between baseline and follow-up assess-
ments, thereby permitting a strict test of the continuity of
BI. However, several limitations are important to note. First,
the current sample size, while larger than most observational,
longitudinal studies of BI, did not permit adequate power for
exploring three-way interactions between age 3 BI, genetic,
and contextual factors; such three-way interactions are likely
critical to understanding the factors that consolidate BI over
time, particularly in children who exhibit biological plastic-
ity. Second, the use of a nonclinical sample may have limited
the ability to detect a moderating effect of parental anxiety on
the continuity of BI. Third, the sample was comprised primar-
ily of Caucasian participants from middle-class families, re-
stricting the generalizability of this research to other cultures
and socioeconomic classes. Several concerns regarding G�E
interaction studies are important to note. Complex traits, such
as children’s BI, are likely to be influenced by multiple genes
and multiple environmental factors, such that gene–gene in-
teractions and G�E are at play (e.g., Dick et al., 2015; Riley,
2008); we did not test such complex models in the current
study due to limited power. Publication bias is an additional
challenge affecting the G � E literature (e.g., Dick et al.,
2015). In view of these and other concerns, caution must be
exercised when interpreting significant G � E interactions,
and replication becomes especially important. Finally, we
were unable to explore the role of gene–environment correla-
tion in our models, which may be an important process in un-
derstanding how early care and children’s BI are related.
More specifically, we did not have parental 5-HTTLPR
data, which would have allowed us to test associations be-
tween caregiver 5-HTTLPR short alleles, early parenting,
and the continuity of children’s BI.

In summary, our findings suggest that the continuity of BI
in early childhood may be shaped partly by 5-HTTLPR, such
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that differential susceptibility may be at play. Further investi-
gation of contextual factors that may potentially interact with
5-HTTLPR genotype to moderate the continuity of BI is cru-
cial. Nevertheless, these findings may be relevant in the de-

velopment and implementation of targeted prevention strate-
gies for children at increased vulnerability for negative
outcomes (e.g., anxiety disorders) related to BI in early child-
hood.
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