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Abstract

Stably elevated behavioural inhibition (BI) is an established risk factor for internalizing disorders. 

This stability may be related to genetic factors, including a valine-to-methionine substitution on 

codon 66 (val66met) of the brain-derived neurotrophic factor (BDNF) gene. Past work on the 

BDNF met variant has inconsistently linked it to vulnerability to internalizing problems; some of 

this inconsistency may stem from the failure to consider gene-trait interactions in shaping the 

course of early BI. Toward elucidating early pathways to anxiety vulnerability, we examined gene-

by-trait interactions in predicting the course of BI over time in 476 children, assessed for BI using 

standardized laboratory methods. We found that children with the met allele showed lower 

stability of BI between ages 3 and 6 than those without this allele. While the mechanisms that 

underlie this effect are unclear, our findings are consistent with the notion that the met variant, in 

the context of early BI, influences the stability of this trait in early development.

Keywords

BDNF; behavioural inhibition; val66met; children; laboratory assessment; Gene-trait interaction

Introduction

Behavioural Inhibition (BI) is a temperament style characterized by reticence and 

withdrawal when exposed to novel situations or people (Kagan, Reznick, Clarge, Snidman, 

& Garcia-Coll, 1984). As befitting a temperament construct, BI is relatively stable across 

time (Caspi, 2000; De Pauw & Mervielde, 2010). Indeed, ample evidence supports the 

moderate stability of children’s BI (Gest, 1997; Scarpa, Raine, Venables, & Mednick, 1995); 

however, there is also evidence for change in BI during childhood (Essex, Klein, Slattery, 

Goldsmith, & Kalin, 2010).

BI is of interest to developmental psychopathologists due to its associations with 

internalizing disorders (Clauss & Blackford, 2012; Fox, Henderson, Marshall, Nichols, & 

Ghera, 2005a; Schwartz, Snidman, & Kagan, 1999). However, children with stably elevated 

BI, rather than high BI at any one time, appear to be at greatest risk for anxiety. For 

example, Prior, Smart, Sanson, and Oberklaid (2000) found that maternally reported 

Corresponding Author: Department of Psychology, The University of Western Ontario, Faculty of Social Science, Social Science 
Centre, London, Ontario, N6A 5C2, Canada, Telephone: (519) 661-2067, Fax: (519) 661-3961, www.ssc.uwo.ca/psychology. 

HHS Public Access
Author manuscript
Soc Dev. Author manuscript; available in PMC 2019 August 01.

Published in final edited form as:
Soc Dev. 2018 August ; 27(3): 543–554. doi:10.1111/sode.12292.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



persistent child shyness, a trait that shows conceptual overlap with BI in that it captures 

reticence with unfamiliar persons, was associated with children’s anxiety in early 

adolescence. With respect to BI more specifically, Chronis-Tuscano and colleagues (2009) 

found that children with stable, elevated BI across early to middle childhood, indexed via 

maternal report, were at almost four-fold increased risk for social anxiety disorder in 

adolescence. In another longitudinal investigation, persistently high observed BI across 

grades 1, 3, 5, 7, and 9 was associated with significantly higher lifetime rates of internalizing 

disorders (Essex et al., 2010). It is also noteworthy that related traits, such as disinhibition, 

are tied to externalizing problems (Hirshfeld-Becker et al., 2007; Iacono, Malone, & 

McGue, 2008).

Given the risk associated with stable BI, understanding factors that contribute to its stability 

in childhood may help identify youth at greatest risk for psychopathology, potentially 

informing prevention and early intervention efforts. That said, relatively little work has been 

done investigating factors that contribute to the stability of BI over time, particularly from a 

biological standpoint (Fox et al., 2005a); most extant work has focused on caregiving styles 

(Park, Belsky, Putnam, & Crnic, 1997; Rubin, Burgess, & Hastings, 2002; Rubin, Hastings, 

Stewart, Henderson, & Chen, 1997) and maternal personality (Degnan, Henderson, Fox, & 

Rubin, 2008). Whether stability and change in BI are related to genetic variation implicated 

in neurodevelopment is unclear.

While genetic factors are consistently implicated in shaping human behavioral traits 

(Turkheimer, 2000), including BI (Dilalla, Kagan, & Reznick, 1994; Plomin et al., 1993; 

Robinson, Kagan, Reznick, & Corley, 1992), the search for specific polymorphisms 

important to the development of such traits has yielded inconclusive results. DeYoung and 

Clark (2012) argued that this may be due in part to the failure to consider gene-trait 

interactions (GXT) in trait development, as traits themselves are not only shaped by genetic 

influences, they also provide a broad and important context in which genetic influences 

unfold. Put differently, traits serve to shape the environment in which the expression of 

genetic influences on individual differences subsequently unfold (DeYoung & Clark, 2012). 

For example, genetic influences on neurodevelopment in inhibited children are expressed in 

a context where novelty is presumably avoided. This concept is related to, but slightly 

different from, the more familiar model of gene-environment interaction (GXE), where 

genetic influence of a trait occurs only under certain exogenous, presumably environmental 

conditions. In the case of GXT, an endogenous trait becomes the context that shapes genetic 

influences on development.

Of the small literature on GXT, most work has focused on the interaction between genotype 

and a given trait in predicting another behavior, usually symptoms (Bau, Almeida, & Hutz, 

2000; Caspi et al., 2008; DeYoung & Clark, 2012; Monteleone et al., 2006). However, it is 

possible that specific traits may interact with genotype to predict the ontogeny of that same 

trait over time. Put differently, given that traits and environmental exposures are nonrandom 

(e.g., due to evocative processes or other gene-environment correlations), early individual 

differences (e.g., BI) are related to certain environments that may interact dynamically with 

genes for neurodevelopment, setting the context for trajectories of that same individual 

difference factor. An understanding of such processes may prove useful in the context of 
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better understanding early developmental trajectories that may eventuate in disorder later in 

development, such as adolescence or adulthood.

In a review of gene-trait interactions (2012), DeYoung and Clark emphasize the importance 

of understanding how specific genetic polymorphisms interact with traits, including 

temperament, in shaping subsequent psychological development. Such interactions have 

received little attention, even though they may shed light on how single polymorphisms 

interact with neural and behavioural traits that are manifested in individual differences. As 

noted by DeYoung and Clark, traction may be gained in our understanding of the effects of 

specific genes on outcomes by examining how the gene in question interacts with the 

broader context of the brain, as captured by biologically influenced traits (i.e., the gene in its 

“natural habitat” pp. 2, DeYoung & Clark, 2012), such as BI. More specifically, BI is 

thought to mark the functioning of several neurobiological processes, including amygdalar 

(Kagan & Snidman, 1991; Perez-Edgar et al., 2007), striatal (Guyer et al., 2006), thalamic 

(Kalin, Shelton, Fox, Oakes, & Davidson, 2005), and hypothalamic-pituitary-adrenal (HPA) 

axis reactivity (Fox et al., 2005a; Tops & Boksem, 2011). To the extent that GXT capture 

interplay between a given genetic variant and broad characteristics of the individual as 

shaped by both genes and environment, studying GXT may yield new hypotheses regarding 

gene-neural systems interactions. In this manner, DeYoung and Clark (2012) posit that GXT 

is a proxy for both epistasis (gene-gene interaction) and gene–environment interaction, 

permitting a “more proximal and specific characterization of the features of the organism 

that … have consequences for the effects of a given genetic variant” (p. 3). Thus, identifying 

GXT allows us to capitalize on what is known about the neurobiology of the trait in 

question, which may in turn guide the development of hypotheses about the underlying 

biological systems with which the specific gene interacts.

There are few extant studies of GXT, with relevant previous work focusing on the interplay 

between genetic influences and personality traits in associations with psychiatric diagnoses 

in adults (Caspi et al., 2008; Monteleone et al., 2006). For example, Monteleone and 

colleagues (2006) reported that the serotonin transporter linked polymorphic region (5-

HTTLPR) genotype predicted harm avoidance only in those diagnosed with bulimia nervosa. 

Additionally, Bau et al. (2000) found the Taql A polymorphism of the dopamine D2 receptor 

gene (D2D2) interacted with several personality traits (e.g., stress vulnerability and harm 

avoidance) to predict alcoholism severity and antisocial personality disorder symptoms. 

Relevant to our study, Bau and colleagues found support for the notion that the temperament 

trait harm avoidance, a marker of individual differences relevant to fearfulness, provided a 

stressful context that influenced the impact of the Taq1 allele on psychopathology. However, 

existing GXT studies have not considered the developmental trajectories of emergent trait 

vulnerability to psychopathology, which could shed new light on pathways by which risk 

evolves. In particular, in young children, it may be less useful to apply GXT to examine 

psychiatric outcomes, as base rates of many disorders are low in early childhood (Wichstrøm 

et al., 2012); however, examining GXT in the context of children’s developmental 

trajectories implicated in risk may shed light on factors contributing to risk for adverse 

outcomes.
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Toward this goal, in the current study, we were interested in whether early trait BI and 

Brain-Derived Neurotrophic Factor (BDNF) val66met polymorphisms contributed to the 

stability of BI in early childhood. There are multiple reasons to consider the role of BDNF 

polymorphisms in the development of temperament traits, particularly those important to 

developmental psychopathology. BDNF is a member of a protein family known as 

neurotrophins, which contribute to the differentiation and survival of neurons (Schinder & 

Poo, 2000), as well as neural plasticity (Cotman & Berchtold, 2002; Schinder & Poo, 2000). 

Located on chromosome 11p13, the BDNF gene has a guanine-to-adenine single nucleotide 

polymorphism (SNP) at nucleotide 196 (rs6265) that causes a valine (val) to methionine 

(met) substitution at codon 66 (val66met). The met substitution modifies the BDNF protein, 

lowering BDNF secretion and decreasing its neural availability, in turn causing atrophy of 

structures in the brain. This may lead to potentially negative neurobiological effects 

downstream (e.g., functional impairments in the central nervous system [Chen et al., 2004], 

memory and hippocampal dysfunction [Egan et al., 2003], and reduced amygdalar and 

hippocampal volume [Gatt et al., 2009]).

The BDNF gene is a plausible contributor to BI and psychopathology risk based on several 

lines of research. Specifically, the met allele appears to contribute to risk for internalizing 

disorders (Brunoni, Lopes, & Fregni, 2008), including anxiety disorders (Suliman, 

Hemmings, & Seedat, 2013), albeit in an inconsistent manner, with some studies implicating 

the met (Enoch, White, Waheed, & Goldman, 2008) in increased risk, and others suggesting 

this variant is associated with decreased risk (Zhang et al., 2006). More recent work suggests 

that the met variant may not be a marker of pathology per se; rather, it may reflect an 

increased responsivity to environments of all stripes (Nilsson, Comasco, Hodgins, Oreland, 

& Åslund, 2015). Thus, although the val66met polymorphism appears to be important in 

understanding vulnerability, its mechanisms of risk are unclear. Recently, BDNF variation 

has been related to the stability of behavioral disinhibition (Drury et al., 2012), a marker of 

vulnerability to externalizing disorders risk (Iacono et al., 2008). Drury and colleagues 

(2012) investigated the role of BDNF genotype in abandoned children’s disinhibited 

behaviour (i.e., lack of reticence in unfamiliar situations, inappropriate boundaries and 

affection with strangers, failure to check in with familiar caregivers in unfamiliar settings). 

They found that the BDNF met variant was associated with reductions in disinhibited 

behaviour in children assigned to high-quality foster care, whereas children who remained 

institutionalized or were homozygous for the val allele showed less change in disinhibition 

over time (i.e., a GXT interaction moderated further by the environment). While this study 

did not test this specifically, one possibility is that child disinhibition sets the context for the 

influence of BDNF genetic variability, driving how this trait unfolds in different 

environments.

In line with models of GXT (DeYoung & Clark, 2012), we posit that the val66met genotype 

may interact with behavioural traits to predict the development of children’s BI over time. In 

the current study, we addressed the question of whether the stability of early BI varied 

depending on children’s BDNF genotype. More specifically, in the context of a GXT model, 

and toward the goal of tracing a developmental pathway for BI, and hence psychopathology 

risk, we tested whether BI in preschool was more stable, and hence, a greater vulnerability 

for later psychopathology, in children with or without the met variant. While previous work 
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suggests that the met variant of the val66met BDNF SNP interacts with the environment in 

shaping children’s responsivity to their environments (Drury et al., 2012; Hayden et al., 

2010; 2013), these studies did not test GXT. Additionally, past work (Bau et al., 2000) 

suggests that individual differences in fear responding provide a context that moderates 

associations between genetic variants and behavioral outcomes. Given these data, we 

hypothesized that the BDNF met variant of the val66met SNP would interact with trait BI to 

influence the stability of BI over time, if trait BI itself serves as a marker of biological and 

environmental factors that shape expression of the met variant. We tested this model in a 

large sample of typically developing children from the community assessed for BI using 

observational methods.

Method

Participants

Participants were 476 children (254 boys) from the community, recruited through a 

commercial mailing list. Eligible families had a child between 3 and 4 years of age with no 

significant medical conditions or developmental disabilities, and at least one English-

speaking biological parent. The ethnicity of the sample was mostly White (87.3%), with 

smaller proportions of Hispanic (8.3%) and Asian (3.2%) participants; the remaining 

participants were Black, mixed race, or “other.” At baseline (age 3) participants were an 

average of 42.1 months old (SD = 3.1). At age 6 follow-up, 382 (204 boys) children 

remained in the study (19.7% attrition rate) with an average age of 73.1 months (SD = 9.6). 

Most participants were from middle-class families, as measured by Hollingshead’s Four 

Factor Index of Social Status (M = 44.3, SD = 10.9; Hollingshead, 1975). Children who did 

not participate in the follow-up visit did not differ from those who remained based on age, 

sex, race, social status, age 3 BI level, or BDNF genotype (all p > .059).

Genetic Assessment

Buccal swabs were collected from each child during the age 3 visit. Qiagen’s DNA Micro-

Kit (Qiagen, Valencia, CA) was used to isolate genomic DNA (gDNA) from individual 

buccal cells, according to the manufacturer’s instructions. Individual gDNA isolates were 

used to genotype the val66met polymorphism using the polymerase chain reaction, followed 

by the restriction fragment length polymorphism analysis method (Bueller et al., 2006; 

Sheikh, Hayden, Kryski, Smith & Singh, 2010). In the current sample, 188 participants 

(49.2%) were homozygous for the val/val genotype, 174 were heterozygous (45.5%), and 20 

participants (5.2%) were homozygous for the met/met genotype. Chi-square tests confirmed 

that the sample was in Hardy-Weinberg equilibrium (χ2 = 6.4, p = .17; Rodriguez, Gaunt, & 

Day, 2009). Given previous research suggesting phenotypic differences between individuals 

homozygous for the val genotype and those carrying the met variant (Bath & Lee, 2006; 

Chen et al., 2006), and in keeping with previous behavioural studies considering the 

val66met SNP (Dougherty, Klein, Congdon, Canli, & Hayden, 2010; Hayden et al., 2010; 

Hayden et al., 2013), we compared participants homozygous for the val genotype to 

participants with at least one met allele (met/xxx).
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Laboratory Assessment of BI

Each child participated in a standardized lab visit based on the Laboratory Temperament 

Assessment Battery (Lab-TAB; Goldsmith, Reilly, Lemery, Longley, & Prescott, 1995) and 

an age-adapted version of the Lab-TAB (Durbin, Hayden, Klein, & Olino, 2007). At age 3, 

children participated in tasks drawn directly from the preschool-aged version of the Lab-

TAB. In order to ensure laboratory tasks were both novel and developmentally appropriate 

for participants at age 6, we used adapted versions of tasks from the Lab-TAB. Our group 

has used these tasks extensively and shown their associations with analogous behaviors 

drawn from the preschool-aged version (Durbin et al., 2007; Kotelnikova, Mackrell, Jordan, 

& Hayden, 2015). The Lab-TAB consisted of 12 tasks at age 3; 9 tasks were used at age 6. A 

subset of the tasks was designed to elicit BI at both the age 3 and age 6 assessment (three 

and two tasks, respectively). Each episode lasted approximately 3 minutes, except for Risk 

Room and Exploring New Objects, which lasted approximately 5 minutes. All episodes were 

led by a female experimenter and videotaped through a one-way mirror for coding. During 

BI-relevant tasks (described below), children were either alone in the room (without an 

experimenter or parents), with an experimenter only, with a confederate, or with a caregiver. 

When a caregiver was in the room with the child, they were given paperwork to complete 

and instructed to refrain from interacting with the child.

Observational data collected from the aforementioned tasks at both time points was coded 

by trained undergraduate and graduate research assistants using a coding system based on 

that of Goldsmith and colleagues (1995), which uses widely used methods for coding 

laboratory observations of BI (e.g., Durbin, Klein, Hayden, Buckley, & Moerk, 2005; Olino, 

Klein, Dyson, Rose, & Durbin, 2010; Pfeifer, Goldsmith, Davidson, & Rickman, 2002). 

Coders were blind to other study data and had to reach at least 80% agreement with a master 

coder on individually coded participants before independently coding. In addition to formal 

reliability checks, every 10th coded episode was reviewed with master coders to reduce rater 

drift. In this coding system, each task is separated into 20–30 second “epochs” from which 

specific BI-relevant emotions and behaviours are coded. For each epoch, raters coded the 

maximum intensity of every relevant emotion and behaviour (described below). Although 

the Lab-TAB is designed to elicit a wide range of temperamental characteristics, only those 

tasks used in the present study (i.e., those designed to elicit BI), along with their coding 

procedures, are described below.

Age three BI assessment—Assessment of BI at age three consisted of three Lab-TAB 

tasks: Risk Room, Stranger Approach, and Exploring New Objects. In Risk Room, the 

experimenter invited the child to explore a set of novel and ambiguous stimuli (e.g., a cloth 

tunnel, balance beam, Halloween mask, etc.) and then left the child in the main experimental 

area (with the parent present but occupied with questionnaires). After 5 minutes of free play, 

the experimenter returned to the room and asked the child to touch each of the stimuli. In 

Stranger Approach, the experimenter left the child alone in the main experimental area. 

Following a brief delay, an unfamiliar male research assistant entered the room and spoke to 

the child in a neutral tone while gradually walking closer to the child. Finally, in Exploring 
New Objects, the child was left alone to freely explore a set of novel and ambiguous stimuli, 

including a mechanical spider, a mechanical bird, and soft, sticky gel balls. After 5 minutes 
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of free play, the experimenter returned to the room and asked the child to touch each of the 

stimuli.

In the process of scale development, coded items that negatively impacted internal 

consistency were dropped. Thus, during all three episodes, fearful facial (e.g., eyebrows 

raised in distress, mouth drawn back in fear), bodily (e.g., wary gait, bodily tension, nervous 

fidgeting), and vocal (e.g., timid tone of voice, comments with fearful content) affect, as 

well as latency to first fear response were coded and included in the final scale. In both Risk 
Room and Exploring New Objects, codes included on the final scale were: latency to touch 

objects, total number of objects touched, tentative play, references and proximity to parent, 

references to experimenter (e.g., timid glances toward experimenter or fearful questioning 

before complying with the experimenter’s request to touch objects), time spent playing, and 

latency to verbalize. During Exploring New Objects, a startle variable was also coded and 

included on the final scale. During Stranger Approach gaze aversion, latency to vocalize, 

approach to and avoidance of stranger, and verbal/nonverbal interactions with the stranger 

(e.g., talking with the stranger, nodding in response to the stranger) were included on the 

final scale. Latency scores were reverse coded to ensure that they were in the same direction 

of other variables making up the composite BI scores. Age 3 BI scores were a composite 

score based on the average of z-scores for coded variables (listed above) for all the above 

episodes. These procedures for computing BI composite scores are consistent with other 

studies using observational coding (e.g., Johnson et al., 2016; Williams et al., 2009). BI 

composite scores at age 3 (α = .80; ICC = .88; n = 28) were log-transformed to achieve 

normality.

Age six BI assessment—Assessment of BI at age 6 consisted of two Lab-TAB tasks: 

Story Time and Object Fear. In Story Time, the child was asked to tell a story to an 

unfamiliar research assistant, described as a “story expert,” using the picture book “A Boy, 

A Dog, and a Frog.” The child was told that the story expert would assign them a grade 

based on how well they told the story. In Object Fear, the child was left alone and instructed 

to explore a room filled with fear-eliciting objects, including a box filled with plastic insects 

from which cricket sounds were emitted, a cage with plastic rats inside it, and a large, fuzzy, 

black spider covered in a cloth.

Age 6 BI tasks were coded using similar coding procedures as those described for age 3 BI. 

Coded items that negatively impacted internal consistency were dropped. Thus, during both 

episodes fearful facial, bodily, and vocal affect, as well as stilling/freezing were coded and 

included in the final scale. During Story Time distress vocalizations, latency to vocalize, 

approach to the ‘story expert’, and verbal/nonverbal interactions with the ‘story expert’ were 

also coded and included in the final scale. Finally, during Object Fear latency to touch 

objects, total number of objects touched, tentative play, references to the experimenter (e.g., 

timid glances toward experimenter or fearful questioning of experimenter before complying 

with the experimenter’s request to touch objects), time spent playing, time spent talking, 

fearful or wary comments and questions, latency to comply, and non-compliance were all 

coded and included in the composite BI score. Latency scores were reverse coded to ensure 

that they were in the same direction of other variables making up the composite BI scores. 

Behaviors coded during BI episodes that decreased the reliability of the BI composite were 
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dropped. Similar to age 3 BI, age 6 BI scores were a composite score based on the averaged 

z-scored variables for the above coded behaviours. Similar procedures for computing BI 

composite scores are consistent with other studies using observational coding (e.g., Johnson 

et al., 2016; Williams et al., 2009). BI composite scores at age 6 (α = .72; ICC = .64, n = 35) 

were log-transformed to achieve normality.

Results

Bivariate correlations between all major study variables are in Table 1. A modest positive 

correlation between BI at age 3 and age 6 was found with a magnitude consistent with 

estimates of childhood BI stability previously reported (e.g., Gest, 1997), albeit higher than 

that reported in other studies (e.g., Scarpa et al., 1995). Consistent with past research 

indicating sex differences in BI (Doey, Coplan, & Kingsbury, 2014; Fox et al., 2005a), an 

independent t-test found that girls (M = .66, SD = .20) had significantly higher BI than boys 

(M = .59, SD = .18), t(380) = -3.80, p < .001 at age 3 (g = .37). Girls (M = .61, SD = .05) 

also had significantly higher BI than boys (M = .59, SD = .05), t(380) = -3.51, p < .001 at 

age 6 (g = .40). Neither BI at age 3 (t(380) = .18, p = .86) nor age 6 (t(380) = .74, p = .55) 

significantly differed between those with the val/val genotype and those with the met/xxx 

genotype.

BI stability was operationalized as the strength of association between BI at age 3 and BI at 

age 6. To examine the moderating role of BDNF genotype on BI stability, we performed a 

regression analysis with BI at age 3 as the predictor, BDNF genotype as the moderator, and 

BI at age 6 as the outcome (Aiken & West, 1991). BDNF genotype was dummy-coded into a 

binary variable (i.e., val/val and met/xxx). Given previous work suggesting sex differences in 

BI (Doey et al., 2014; Fox et al., 2005a), as well as the association between child sex and BI 

in our sample, child sex was entered as a covariate. Additionally, to control for the 

possibility of population stratification due to the different ethnic groups that comprised our 

sample, ethnicity was also entered as a covariate. As there were no main effects of sex nor 

ethnicity and they did not interact with other variables, both were dropped from final 

analyses.

Regression analysis showed a main effect of BI at age 3 on age 6 BI but no main effect of 

BDNF genotype (Table 2). However, the interaction between age 3 BI and BDNF was 

significant, indicating that BDNF genotype moderated the relationship between BI at age 3 

and BI at age 6. Overall, this model accounted for 33% of the variance in age 6 BI, with the 

interaction between age 3 BI and BDNF genotype accounting for approximately 1% of this 

variance. This interaction effect is plotted in Figure 1. The dummy-coded BDNF genotype 

variable was reversed to probe for simple slopes. Simple slopes analysis indicated a 

significant positive relationship between BI at age 3 and age 6 for individuals with the 

val/val genotype (b = .17, sr = .42, p < .001) and the met/xxx genotype (b = .12, sr = .40, p 
< .001). The lower slope for individuals with at least one met allele indicates that these 

children demonstrate lower BI stability from age 3 to 6, relative to children without a met 
variant.
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Discussion

We examined whether BDNF genotype interacted with BI to moderate the stability of BI in 

children from age 3 to age 6. More specifically, in the context of GXT models, and toward 

the goal of tracing a developmental pathway for BI, we tested whether BI in preschool was 

more stable, and hence, a greater vulnerability for later internalizing problems, in children 

with or without the met variant. Given work implicating the met variant of the val66met 
BDNF SNP in gene-environment interaction (Hayden et al., 2010; 2013), and in the stability 

of related traits (i.e., disinhibition, Drury et al., 2012), as well as past work showing that 

individual differences in traits related to BI moderate genetic influences (Bau et al., 2000), 

we hypothesized that presence of this variant would interact with trait BI to confer lower BI 

stability over time. Although the effects obtained were small, our results corroborated this 

hypothesis: children with a met allele demonstrated lower BI stability from age 3 to 6 than 

their homozygous val counterparts. This finding is consistent with previous findings 

suggesting presence of a met allele was associated with greater change in behaviour related 

to inhibition (i.e., less stability; Drury et al., 2012).

Traits such as BI in GXT models are posited to mark activity within specific neural systems, 

specifically fear-processing regions of the limbic system such as the amygdala (Kagan & 

Snidman, 1991). Neuroimaging research reports correlations between BI and amygdalar 

activity in response to novel stimuli (Schwartz et al., 2003) and emotional faces (Perez-

Edgar et al., 2007). If BI in childhood marks amygdalar reactivity during novel situations, it 

is conceivable that such patterns of reactivity are related to the likelihood of seeking out 

novel environments. Our work raises the possibility that children with the BDNF met allele 

will, in turn, be particularly impacted by the novelty of the environments they experience, 

thus contributing to BI stability.

We did not test specific environments that might have contributed to change in young 

children’s BI, an important direction for future work. It is relevant to note that some work 

suggests that the val66met SNP serves as a marker of differential susceptibility to the 

environment, increasing reactivity to both positive and negative environmental contexts 

(Belsky & Pluess, 2009). While not the focus of the current study, differential susceptibility 

posits that, rather than conferring vulnerability to pathology, some genetic polymorphisms 

confer increased plasticity such that those with these variants are rendered more susceptible 

to the influence of environmental factors, both negative and positive. Such plasticity could 

potentially account for the effects obtained in the present study, although we did not test this 

specifically; specifically, to the extent that traits such as BI predict environmental experience 

(e.g., children higher in BI systematically selecting environments low in novelty), the met 
allele may render those with this variant more susceptible to such environments, either 

consolidating or weakening initial tendencies toward inhibited behavior potentially through 

alterations in gene expression. We acknowledge that such possibilities are speculative yet 

may be worthy of future study.

Parenting such as maternal overprotection (Johnson et al., 2016) and maternal intrusiveness 

and low paternal affection (Park et al., 1997) may warrant integration into broader models of 

how genetic influences interact with early BI to shape subsequent trait development. For 
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example, it is possible that early BI elicits specific caregiving styles that differentially 

impact later BI based on whether children have a met allele. Future investigations drawing 

on larger samples of children should explore the mediating influence of these and other 

environmental factors in val66met’s moderation of BI stability. Complex models such as 

these will require large samples of children and their parents.

Children homozygous for the val allele tended to show greater stability of BI over time, 

relative to children with one or more met allele. Lower BI stability among those with the 

met/xxx genotype is consistent with previous studies suggesting it is a marker of plasticity 

(Nilsson et al., 2015). As previously mentioned, stably high BI acts as a marker of risk for 

internalizing disorders (Chronis-Tuscano et al., 2009; Essex et al., 2010; Prior et al., 2000). 

Similarly, stably high disinhibition, a trait with conceptual similarity to low BI, is associated 

with an increased risk of externalizing disorders (Hirshfeld-Becker et al., 2007; Iacono et al., 

2008). These findings, combined with our results, suggest the most important implications 

of BDNF genotype are for those children at the extremes of BI. Specifically, individuals at 

high or low age 3 BI are more likely to remain at the relative extremes of trait BI into middle 

childhood if they are homozygous for the val allele, relative to met/xxx peers, potentially 

putting them at higher risk for internalizing or externalizing disorders, respectively. In 

analyses not reported here, we did not identify a significant interaction between age 3 BI and 

BDNF genotype in predicting age 6 psychopathology symptoms. We contend that this is 

unsurprising as this is a community sample of young children, yielding fairly low 

psychopathology symptoms. Seeing whether BI and BDNF interact to predict trajectories 

that ultimately result in psychopathology is an important next step in testing our model.

The current study has both strengths and limitations. To our knowledge, this is the only 

study investigating the role of BDNF genotype in predicting BI stability. Our use of 

observational measures of BI reduces the effect of rater biases (Durbin et al., 2007). With 

regard to weaknesses, although the sample used in the current study is relatively large for a 

study using laboratory measures of behaviour, it is still small for a genetic association study, 

which limited our ability to do more extensive analyses of the role of the environment. 

Although we did find that BDNF genotype significantly moderated BI stability over time, 

the effect was small; having said that, small effects may be expected when considering the 

impact of a single gene on a relatively complex behavior such as BI. Multiple genes almost 

certainly contribute to BI (Fox et al., 2005b), while we considered only one in the current 

study. Also, experts disagree on the extent to which population stratification, which can 

produce false positive associations, is a concern in studies such as ours using an ethnically 

homogenous sample (Hutchison, Stallings, McGeary, & Bryan, 2004). Also, it is possible 

that the BDNF gene is in linkage disequilibrium with another gene that accounts for the 

associations with BI found in the present study.

In conclusion, we found the met variant of the val66met BDNF gene SNP was associated 

with decreased stability of BI from age 3 to age 6. While preventative efforts may be best 

targeted toward children who are homozygous val, given their increased probability of 

higher stability of BI during childhood, those with the met variant may be more amenable to 

preventative efforts aimed at either promoting greater constraint in uninhibited children or 

decreasing high inhibition, a possibility to be tested in future research.
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Figure 1. 

Vandermeer et al. Page 15

Soc Dev. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vandermeer et al. Page 16

Ta
b

le
 1

B
iv

ar
ia

te
 c

or
re

la
tio

ns
 o

f 
va

ri
ab

le
s 

of
 in

te
re

st

M
 (

SD
)

1
2

3
4

5

1.
 A

ge
 a

t a
ge

 3
 (

m
on

th
s)

42
.1

 (
3.

1)
–

2.
 A

ge
 a

t a
ge

 6
 (

m
on

th
s)

73
.1

 (
9.

6)
.1

2*
–

3.
 A

ge
 3

 B
I

.6
2 

(.
19

)
−

.0
9

.0
2

–

4.
 A

ge
 6

 B
I

.6
0 

(.
05

)
−

.0
2

.0
0

.5
7*

**
–

5.
 B

D
N

F 
ge

no
ty

pe
–

−
.0

9
−

.0
3

−
.0

1
.0

3
–

N
ot

e:

* p 
<

 .0
5;

**
p 

<
 .0

1;

**
* p 

<
 .0

01
.

N
s 

=
 3

79
–3

82
. B

I 
=

 b
eh

av
io

ur
al

 in
hi

bi
tio

n;
 B

D
N

F 
=

 b
ra

in
 d

er
iv

ed
 n

eu
ro

tr
op

hi
c 

fa
ct

or
.

Soc Dev. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Vandermeer et al. Page 17

Ta
b

le
 2

St
ep

w
is

e 
m

ul
tip

le
 r

eg
re

ss
io

n 
an

al
ys

is
 w

ith
 B

I 
ag

e 
6 

as
 o

ut
co

m
e 

(n
 =

 3
79

).

V
ar

ia
bl

es
B

SE
(B

)
β

Δ
R

2
ad

ju
st

ed
 R

2

St
ep

 1

B
I 

ag
e 

3
.1

39
.0

10
.5

74
**

*
.3

30
**

.3
28

St
ep

 2

B
I 

ag
e 

3
.1

40
.0

10
.5

74
**

*
.0

01
.3

27

B
D

N
F 

ge
no

ty
pe

.0
03

.0
04

.0
33

St
ep

 3

B
I 

ag
e 

3
.1

66
.0

17
.5

94
**

*
.0

07
*

.3
33

B
D

N
F 

ge
no

ty
pe

.0
03

.0
04

.0
32

*

B
I 

ag
e 

3 
X

 B
D

N
F 

ge
no

ty
pe

−
.0

43
.0

21
−

.0
88

*

N
ot

e:

* p 
<

 .0
5;

**
p 

<
 .0

1.

B
I 

=
 b

eh
av

io
ur

al
 in

hi
bi

tio
n;

 B
D

N
F 

=
 b

ra
in

 d
er

iv
ed

 n
eu

ro
tr

op
hi

c 
fa

ct
or

.

Soc Dev. Author manuscript; available in PMC 2019 August 01.


	Abstract
	Introduction
	Method
	Participants
	Genetic Assessment
	Laboratory Assessment of BI
	Age three BI assessment
	Age six BI assessment


	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2

