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Abstract

We used observed parenting behaviors, along with genetic variants and haplotypes of the 

serotonin transporter gene (SLC6A4), as predictors of children’s ego-resiliency during early 

childhood (N =153). Quality of mothers’ parenting was observed at 18 months of age and 

mothers’ reports of ego-resiliency were collected at six time points from 18 to 84 months. Genetic 

data were collected at 72 months. Observed parenting was positively associated with initial levels 

of children’s ego-resiliency. Furthermore, although individual genetic variants of the serotonin 

transporter gene (LPR, STin2) were not associated with ego-resiliency, the S10 haplotype (that 

combines information from these two variants) was negatively associated with initial levels of 

ego-resiliency. Both parenting and serotonin genetic variation uniquely predicted children’s ego-

resiliency, suggesting an additive effect of genetic and parental factors.
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Ego-resiliency is an individual characteristic that reflects adaptability to environmental 

stress and change (Block & Block, 1980). In general, children who have higher levels of 

ego-resiliency are better able to adapt to changing or stressful circumstances, shift behaviors 

as needed, and use problem-solving strategies flexibly. In contrast, children with relatively 

low ego-resiliency display little adaptive flexibility, are disquieted by new and changing 

circumstances, have the tendency to perseverate or become disorganized when dealing with 

stress, and have difficulty recouping after traumatic experiences (Block & Block, 2006). 

Block and Block (1980) suggested that individual differences in ego-resiliency can be 

observed early in life through examining how infants respond to environmental changes, 

how they can be comforted, and how they equilibrate physiological responses. At age 2, 
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characteristics such as, such as having a warm and positive relationship with caregivers, 

being effective at finding comfort when needed, confronting problems persistently and 

enthusiastically, and finding pleasure in mastery are considered reflective of children’s ego-

resiliency (Arend, Gove, & Sroufe, 1979). As children reach preschool age, ego-resiliency is 

evident in how a child is able to express affect in a situationally appropriate manner, and 

whether they are organized, persistent, and flexible when encountering challenges and 

stressors (Arend, Gove, & Sroufe, 1979; Block & Block, 1980). Ego-resiliency has been 

associated with a range of positive developmental outcomes across childhood including 

social competence (Block & Block, 1980; Cumberland-Li, Eisenberg, & Reiser, 2004), low 

externalizing and internalizing symptoms (e.g. Chuang, Lamb, & Hwang, 2006; Hofer, 

Eisenberg, & Reiser, 2010), and cognitive functioning and attentiveness (e.g. Martel et al., 

2007). Given these demonstrated associations with positive development and emotional 

adjustment, it is important to examine factors that contribute to individual differences in 

children’s ego-resiliency.

The Blocks (1980, 2006) hypothesized that both genetic and experiential influences 

contribute to children’s ego-resiliency. In terms of environmental factors, it is believed that 

nurturant, supportive parenting fosters ego-resiliency in children (Block & Block, 1980). 

Supporting this assertion, Stams, Juffer, Van IJzendoorn, and Hoksbergen (2001) found that 

an intervention to improve maternal sensitivity and responsiveness when children were six 

and nine months of age predicted higher levels of ego-resiliency at age seven. In contrast, 

controlling, intrusive parenting has been negatively associated with ego-resiliency during 

early childhood (Taylor, Eisenberg, Spinrad & Widaman, in press). Lower levels of ego-

resiliency have also been found in toddlers who display contradictory attachment behaviors 

when under stress (Smeekens, Riksen-Walraven, & Van-Bakel, 2009) and in maltreated 

school-age children (Shonk & Cicchetti, 2001). Sensitive parents most likely foster ego-

resiliency by assisting their children in coping with stressful situations, modeling effective 

coping strategies, providing appropriate support when children are overwhelmed, and 

exposing them to manageable, age-appropriate stressors. In contrast, overprotective, 

intrusive or harsh parents are more likely to discourage children’s independent behaviors 

and undermine the development of independent coping skills (Eisenberg, Cumberland, & 

Spinrad, 1998; Power, 2004).

Genetic influences are also likely to contribute to individual differences in children’s ego-

resiliency (Block & Block, 2006; Lemery-Chalfant, 2010). Some of the first sources of 

individual differences in personality are the result of biologically based temperamental 

characteristics (Derryberry & Rothbart, 1997). Genetic variation can be viewed as 

contributing to positive adaptation or to maladjustment (Rutter, 2006) and can also affect an 

individual’s sensitivity to components of the environment (Shanahan & Hofer, 2005). In 

particular, it has been hypothesized that some individuals, for genetic or temperamental 

reasons, are more reactive than others to variation in both positive and negative 

environmental contexts, a concept referred to as differential susceptibility (Belsky & Pluess, 

2009; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). However, 

although researchers are increasingly examining the role of genetic mechanisms in the 

development of successful adaptation to challenge and adversity (e.g. Kim-Cohen, & Gold, 

2009; Lemery-Chalfant, 2010), thus far genetic contributions to the construct of ego-
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resiliency have not been examined in children. The present study, therefore, examined the 

relations of children’s ego-resiliency with the serotonin transporter (SLC6A4, or 5HTT) 

gene. It was plausible that this gene is linked to children’s ego-resiliency because variation 

in SLC6A4 has been associated with differential reactivity to environmental stress exposure 

and, in turn, with psychological health such as elevated stress sensitivity, depression, and 

neurotism (for a review, see Caspi, et al., 2010). Thus, this gene appears linked to constructs 

that could be viewed as the inverse of ego-resiliency.

Serotonin Transporter Gene

Two polymorphisms of the serotonin transporter gene have usually been examined with 

respect to their relation with behavioral variation. The first polymorphism, the “linked 

polymorphic region” (LPR; or 5HTTLPR), has two common repeat alleles--short (S; 14 

repeat) or long (L; 16 repeat)--that differentially modulate the transcription of SLC6A4, with 

the S allele demonstrated to have less transcriptional efficiency (Greenberg et al., 1999; 

Hanna et al., 1998; Heinz et al., 2000). Because the S allele is believed to be functionally 

dominant, SS and SL genotypes are often grouped together and compared with the LL 

genotype in analyses. The second, but less studied, polymorphism is the functionally 

relevant “serotonin transporter intron 2” (STin2; Ogilvie et al., 1996), which consists of a 

17-base pair repeat in the second intron. Common repeats of STin2 are the 10 and 12 repeat 

alleles, the latter of which has been related to increased transcriptional effects (Fiskerstrand, 

Lovejoy, & Quinn, 1999).

In addition to considering LPR and STin2 individually, researchers have begun to examine 

SLC6A4 haplotypes, or combinations of these two polymorphisms that are inherited 

together (e.g., Sulik et al., 2012; Perea et al., 2012). Haplotypes can produce unique 

functional differences and responses not seen by either variant independently. For example, 

Ali et al. (2010) found that the LPR-S and STin2-12 (S12) haplotype possessed the highest 

SLC6A4 transcriptional expression compared with lower expression for the L10 haplotype. 

In addition, Claw, Tito, Stone, and Verrelli (2010) found specific S haplotypes differed in 

frequencies and combinations across ethnic populations, which together with work such as 

that of Ali et al. (2010), likely contributes to the inconsistencies of genotype-phenotype 

associations using single variants at this gene.

Serotonin and Resiliency

Although researchers have not specifically examined the relations between the serotonin 

transporter gene and the construct of ego-resiliency in children, one study found that college 

students with at least one S allele have relatively lower levels of self-reported emotional 

resilience, defined as an individual’s ability to withstand and bounce back from stress (Stein, 

Campbell-Sills, & Gelernter, 2009). Furthermore, researchers have found that SLC6A4 is 

associated with other developmental outcomes that are likely linked to levels of children’s 

ego-resiliency. Literature using the LPR polymorphism appears to demonstrate that children 

with at least one S allele are more susceptible to distress and are more vulnerable to 

maladjustment when exposed to stressful situations. For example, Lakotos and colleagues 

(2003) found that infants homozygous for the S allele were more anxious when approached 
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by a strange person. Researchers have also found that infants with an S allele have higher 

levels of irritability at 8 and 32 weeks (Ivorra et al., 2010). Psychological symptoms, such as 

depression and negative emotionality, are also more evident in children with at least one S 

allele (Hankin et al., 2011; Hayden et al., 2010; Kaufman et al., 2006; Pluess et al., 2011). 

Children with the S allele have also been found to have poorer self-control on a delay task 

(Sonuga-Barke et al., 2011), higher levels of conduct problems when perceiving high levels 

of discrimination (Brody et al., 2011), and are more likely to exhibit distress intolerance by 

choosing to quit a challenging task (Amstadter et al., 2012).

In addition, biological stress reactivity has been associated with the SLC6A4 gene. Girls 

with an S allele have higher waking cortisol levels than their L allele counterparts and also 

produce higher and more prolonged levels of cortisol in response to a stressor (Chen, 

Joormann, Hallmayer, & Gotlib, 2009; Gotlib, Joormann, Minor, & Hallmayer, 2008). On 

the other hand, children with the LL genotype had the highest salivary alpha-amylase 

response to a stressful task, but also the steepest recovery, compared to children with at least 

one S allele (Mueller et al., 2011). The latter investigators concluded that this difference 

could reflect a more dynamic system and might relate to higher resilience to stress for 

children with the LL genotype.

The second serotonin transporter polymorphism, STin2, has been less studied in regards to 

its relations with resiliency and stress and findings are mixed. Few researchers have 

examined these relations in children, although Ivorra and colleagues (2010) reported that 

infant irritability was not associated with variation of the STin2 polymorphism, although it 

was with the LPR. Studies with adults have found that having a 12 allele (as well as the S12 

haplotype) was associated with higher symptoms of depression and anxiety in college 

students (Perea et al., 2012). However, other researchers have found that the association 

between having a 12 allele and negative affect depends on the environment. For example, 

Mitchell and colleagues (2011) found that new mothers with a 12 allele had more mental 

health problems in unfavorable environments (lower SES), whereas the genetic effect 

changed directions when the environment became more positive–mothers with a 12 allele 

had less symptoms in favorable environments, suggesting evidence of the STin2 reflecting a 

plasticity gene.

Parenting behaviors, such as responsiveness, have also been found to interact in combination 

with the serotonin transporter gene and differentiate developmental outcomes. For example, 

Kochanska, Kim, Barry, and Philibert (2011) reported that insecurely attached infants with 

an S allele developed poorer self-regulation skills in preschool, whereas genetic variation 

did not differentiate regulatory capacities for securely attached infants. Another study found 

that infants who were homozygous for the S allele had higher levels of fear and negative 

emotionality if they were insecurely attached to their caregiver (Pauli-Pott, Friedl, Hinney, 

& Hebebrand, 2009). Researchers also report that having an L allele is protective. Gilissen 

and colleagues (2008) found that 7-year-olds with a secure attachment as well as two L 

alleles were less stressed during a public speaking task than those with an insecure 

attachment or an S allele. In support of the differential susceptibility hypothesis, individuals 

with specific haplotypes may also demonstrate greater reactivity to both supportive and 

unsupportive environments. For example, Sulik and colleagues (2012) found that the quality 
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of early parenting was negatively associated with increases of noncompliance only for 

children with the S10 haplotype.

The Present Study

The aforementioned studies provide initial support for an association between genetic 

variation in SLC6A4 and children’s ego-resiliency, a trait associated with adaptability to 

stress, regulation, as well as psychological flexibility and functioning. Prior research also 

suggests that parenting behaviors may interact with polymorphisms of SLC6A4 in 

predicting developmental outcomes. In the present study, we examined the prediction of 

ego-resiliency and its development in early childhood by observed parenting at 18 months of 

age and polymorphisms in the serotonin transporter gene (LPR and STin2). The LPR and 

STin2 polymorphisms were tested independently and as haplotypes, as well as in interaction 

with quality of observed maternal parenting, as predictors of children’s initial level and 

growth in mother-reported ego-resiliency from 18 to 84 months of age. Child sex was also 

included in the analysis as a main effect and in interaction with genes. Although child sex 

was included as a potential moderator, we did not expect there to be sex differences in terms 

of children’s ego-resiliency because these differences are typically evident in adolescence 

and not in early childhood (Block & Block, 2006). Other covariates included household 

income and years of mothers’ and fathers’ education, which we expected to be positively 

associated with parenting behaviors. Outcome measures were the 18-month initial level of 

ego-resiliency and the linear slope from 18 to 84 months.

We expected that supportive parenting to be positively associated with ego-resiliency and 

that genetic variants of the serotonin transporter gene (LPR, STin2), as well as the

haplotypes (that combine information from both polymorphisms), would be differentially 

associated with children’s ego-resiliency. Additionally, it was expected that children with 

the lowest serotonin transporter gene transcriptional expression (the S and the 10 alleles) 

would have the lowest levels of ego-resiliency. Given the mixed findings previously 

regarding the STin2 polymorphism, it was less evident that the 10 allele alone would 

differentially be associated with ego-resiliency. However, given previous studies have 

shown haplotype combinations differ functionally for serotonin levels as well as with 

respect to measures of resiliency, we did expect that children with the S10 haplotype would 

differ from those with other haplotypes. We also hypothesized that parenting might 

moderate these relations and might provide evidence of differential susceptibility.

Method

Participants and Procedures

Participants were a subsample from a longitudinal study of children’s emotions, regulation, 

and social functioning in a large metropolitan area. The larger sample collected data when 

the child was approximately 18, 30, 42, 54, 72, and 84 months old (ns = 256, 230, 210, 188, 

162,153). Families completed questionnaires, and mothers and children participated in 1.5-2 

hour laboratory visits at 18, 30, 42, and 54 months, a home visit at 72 months, and returned 

questionnaires by mail at 84 months (Ns = 247, 223, 205, 189, 162, and 144). Samples for 
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genetic analyses were collected in the home when the children were 72 months old (see 

below). Children were included in the present study if they had SLC6A4 genetic data, 

observed parenting data at 18 months, and at least one mother-report index of ego-resiliency 

(N = 153, 55.6% boys). The sample was 86.3% White, 3.3% African American, 2.6% 

Native American, 1.3% Asian, and 6.5% other; with 20% reporting Hispanic/Latino 

ethnicity. The median annual family income ranged from $45,000 to $60,000. The majority 

of mothers had some college and most (83%) families were two-parent families.

We examined mean differences on study variables between children included in our analysis 

and children who were not included due to missing genetic or observed parenting data. 

Children in the present sample had near significantly higher family incomes (ranging from 1 

= less than $15,000 to 7 = over $100,000; M = 4.26) compared to those without genetic data 

(M = 3.82), t(226) = 1.93, p = .055, and higher levels of mothers’ education (ranging from 1 

= grade school to 7 = Ph.D. or M.D.; M = 4.41) compared to those without genetic data (M 
= 4.10), t(238) = 2.20, p < .05. There were no significant differences for fathers’ education 

or for the ego-resiliency and observed parenting variables.

Measures

Children’s ego-resiliency—Ego-resiliency was measured using an 11-item adapted 

questionnaire version of Block and Block’s (1980) Q-sort. This shortened scale was 

constructed by Eisenberg and colleagues (1996, 2003) in order to reflect a purer version of 

resiliency that did not overlap with other constructs, such as negative emotionality. After 

three experts eliminated some items that reflected constructs such as social competence 

(Eisenberg et al., 1996), six faculty and 5 graduate students with relevant expertise rated the 

resiliency items as to how much they reflected pure resiliency from 1 (not at all descriptive 

of resiliency) to 9 (most descriptive of resiliency). Resiliency was defined as flexible, 

adaptable behavior. Only the 11 items that obtained a mean score of 6.0 or above (absolute 

value) were retained (e.g., “Can bounce back or recover after a stressful or bad experience,” 
“Freezes up when things are stressful, or else keeps doing the same thing over and over 

again”), although a 7-item version has sometimes been used (Cumberland-Li et al., 2004). 

All correlations between the original scale and the 11-item scale were above .83 (mean r = .

91). This shortened scale has been used reliably in numerous studies with children ranging 

in age from toddlers to adolescents (e.g. Eisenberg et al., 2004; Martel et al., 2007; Taylor et 

al., in press).

For the present study, mothers rated children’s ego-resiliency (1 = highly undescriptive to 9 

= highly descriptive) at 18, 30, 42, 54, 72 and 84 months. Negative Items were reverse-

coded so that values reflected higher levels of ego-resiliency. One item was dropped (“Can 

talk about unpleasant things that have happened to him/her) because it was not asked at 18 

and 30 months due to being inappropriate for the ages assessed. This item was not included 

at the later ages in order to make the scales equivalent across our six time-points (αs ranged 

from .57 to .78; M = .71).

Observed parenting—Coders assessed mothers’ behavior (maternal sensitivity, 

intrusiveness, warmth and verbal control) at 18 months from videotapes of mother-child 
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interactions during a lab teaching task, free-play task, and clean-up task, each lasting 3 

minutes. In the free-play task, mothers were given a basket of toys and instructed to play 

with their child as they would at home. In the teaching task, participants were given a 

challenging puzzle, and mothers were asked to teach their child to complete the puzzle. 

During the clean-up task, mothers were instructed to have their child pick up toys and put 

them in a basket.

Maternal sensitivity and intrusiveness were assessed every 15 seconds during the free-play 

and teaching tasks. Sensitivity was rated as 1 = no evidence of sensitivity to 4 = mother was 

very aware of the toddler, contingently responsive to his or her interests and affect, and had 

an appropriate level of response/stimulation (interrater reliabilities [ICCs] = .81 and .82, for 

free-play and teaching tasks, respectively). Mothers’ overcontrolling, intrusive behaviors 

included overstimulating the child with toys, employing intrusive physical interactions, or 

intervening to help the child when not required (1 = no overcontrolling behavior observed; 4 

= extreme intrusive or overcontrolling behaviors; ICCs = .82 for free play and .81 for the 

teaching task). Maternal warmth, coded every 30 s during the teaching task, reflected 

mothers’ displays of closeness, friendliness, physical affection, encouragement, and positive 

affect with the child (1 = no evidence of warmth; 5 = positive affect was predominant; ICC 

= .83). Maternal verbal control, rated every 15 s during the clean-up task, reflected verbal 

directives that were given by mothers in an assertive or controlling manner (1 = present, 0 = 

absent; ICC = .70). All parenting measures were correlated in expected directions. Absolute 

values of the rs ranged from .19 to .85, all ps < .05. We created a composite of parenting 

quality by reverse scoring maternal verbal control and intrusiveness, standardizing scores, 

and computing the average (as in blinded for review).

SLC6A4 genetic variants—Genetic data were collected at 72 months. Buccal cheek 

samples were collected from children with a cotton swab and DNA extractions were 

performed using standard isolation techniques (Sambrook & Russell, 2001). Two sets of 

PCR (Polymerase Chain Reaction) primers were designed to generate two DNA fragments. 

Primers designed for LPR were GGC GTT GCC GCT CTG AAT GC (Forward) and GAG 

GGA CTG AGC TGG ACA ACC AC (Reverse), which amplified fragments of 484-base 

pairs (S allele) to 528-base pairs (L allele). Primers designed for STin2 were TGG ATT 

TCC TTC TCT CAG TGA TTG G (Forward) and TCA TGT TCC TAG TCT TAC GCC 

AGT G (Reverse), which amplified fragments of 355- base pairs (10 allele) to 389-base 

pairs (12 allele). PCR fragments were evaluated and scored via direct gel electrophoresis 

visualization of 2% agarose gels in 1X Sodium Borate buffer with Ethidium Bromide 

staining. As previously documented (blinded for review), a set of 10 VNTRs (variable 

number of tandem repeats), sampled from across the genome, were genotyped for all 

individuals and showed no significant evidence of population admixture (using the 

STRUCTURE program; Pritchard, Stephens, & Donnelly, 2000). Thus, no subsequent 

statistical analyses to structure our data into different groups (i.e., by ethnicity) were 

necessary.

The polymorphisms LPR and STin2 were statistically analyzed independently and as 

haplotypes. As noted previously, because the S allele is believed to be functionally 

“dominant,” SS (N = 29) and SL (N = 70) genotypes were grouped together (N = 99) and 
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compared with the LL genotype (N = 54) in analyses for LPR. For STin2, we compared 

children with the 10-10 (N = 15), 10-12 (N = 83), and 12-12 (N = 55) genotypes. Chi-

squared tests of independence confirmed that genotype frequencies for both polymorphisms 

were consistent with Hardy– Weinberg equilibrium in the overall sample (LPR: χ2 = 0.55, p 

= .46; STin2: χ2 = 3.20, p = .09), which is an important assumption for all of our statistical 

analyses (e.g., Hedrick, 2010). The PHASE v. 2.1.1 program (Stephens, Smith, & Donnelly, 

2001) was used to statistically estimate how the genotypes at the two variants LPR and 

STin2 within individuals form haplotypes. Haplotype frequencies of L10 = 32%, L12 = 

26%, S10 = 6%, and S12 = 36% replicated those in global sampled populations (Claw et al., 

2010).

As previously noted, the LPR-S and STin2-10 alleles have been related to reduced serotonin 

function, yet others have suggested that the S12 haplotype is associated with increased 

serotonin function (Ali et al., 2010). Given this functional evidence, we predicted that 

individuals with either the S10 and S12 haplotypes would be different compared to other 

haplotypes. Thus, as in our previous work (blinded for review), instead of comparing simply 

S vs. L haplotypes, we further divided the data into three groups based on this rationale. 

Group 1 (called “S10 group”) consisted of S10-S12, S10-L10; these individuals had the 

critical S10 haplotype (no children had the rare S10-S10 or S10-L12). Group 2 (called “S12 

group”) included S12-S12, S12-L10, and S12-L12. Group 3 (called “L10-L12 group”) 

included haplotypes L10-L10, L10-L12, and L12-L12.

Covariates—Household income and mothers’ and fathers’ education were included as 

main effects. Child sex was included as a main effect and in interaction with the 

polymorphisms/haplotype.

Results

Descriptive Analysis

We first examined descriptive data and correlations among key variables. Means and 

standard deviations for variables are presented in Table 1. No variables needed to be 

transformed due to excessive skew or kurtosis. There were no sex differences in measures of 

parenting or ego-resiliency at any time point. Chi-squared tests examining the sex 

distribution across the SLC6A4 genotypes (LPR-SS/SL vs. LL; STin2-10-10 vs. 10-12 vs. 

12-12) were not significant. Correlations among variables are shown in Table 2. Rated ego-

resiliency was significantly interrelated across all time points, rs = .23 to .65, all ps < .05. 

Observed parenting at 18 months and ego-resiliency were concurrently associated at 18 

months, and marginally significant at other time points. Being in the S10 haplotype group 

was negatively associated with ego-resiliency across time points.

We also examined whether variables differed between based on genetic groups using t-tests. 

No significant differences were found between ego-resiliency and parenting for either the 

LPR or STint2 polymorphisms. Observed parenting did not vary by the three haplotype 

groups; however, independent sample t-tests showed differences for ego-resiliency—

children in the S10 haplotype group were significantly lower in ego-resiliency relative to 

children in the other two groups at 30 months, [t (146) = 2.33, p < .05; mean difference = .
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66, standard error = .28]; and at 54 months [t (148) = 3.66, p < .01; mean difference = .93, 

standard error = .25], and at a trend level at 42 [t (148) = 1.73, p = .09; mean difference = .

43, standard error = .25] and 84 months [t (128) = 1.80, p = .08; mean difference = .53, 

standard error = .29].

We then used multilevel modeling (i.e., mixed effects or hierarchical linear modeling) to 

predict initial levels and change in mother-reported ego-resiliency from 18 to 84 months of 

age. First, we examined the best-fitting random effects model without substantive predictors. 

This model formed the basis of subsequent analyses and described the average trajectory of 

children’s ego-resiliency in our sample. Then we tested the substantive models using the 

genetic variants and parenting, as well as their interactions, as predictors of children’s levels 

and growth of ego-resiliency.

Random Effects Model

Adopting Singer and Willett’s (2003) recommendation, we used a model-building approach. 

We began with a random intercept model with time centered at 18 months and added fixed 

and random effects for time and quadratic time until model fit could no longer be improved; 

likelihood ratio tests were used to compare the fit of nested models. The best fitting random 

effects model for ego-resiliency was a linear growth model with fixed and random effects 

for the intercept and linear slope.

Fixed and random effects

With time centered at 18 months, the intercept for ego-resiliency was 6.99 (SE = .06, p < .

01). We also tested a model with the intercept centered at 84 months. The results were the 

same; thus, we choose to keep the intercept at 18 months. The fixed effect of time was 

nonsignificant, indicating that there was no average change in ego-resilience over time in 

our sample. The residual (within-person) variance was .41 (SE = .03, p < .01) for ego-

resiliency. The variance of the random effects for ego-resiliency was .30 (SE = .06, p < .01) 

for the intercept and .01 (SE = .00, p < .01) for the linear slope, indicating that there were 

individual differences in the slope of children’s ego-resiliency. The covariance between the 

intercept and linear slope was not significant.

Substantive Models

We next added predictors to the models in two steps. First, we examined the main effects of 

the genetic predictor(s), parenting, and child sex. In an additional model, we added the G x 

E interaction(s) and the interaction with child sex. For both of these models, we tested 

whether each set of predictors provided additional predictive power over the prior model. In 

addition, for each model, we calculated a pseudo r2 value by computing the squared 

correlation between the model-predicted scores and the observed scores; we examined the 

increase in this statistic corresponding to the addition of each set of predictors (see Table 3).

In separate models for LPR and STin2, there were no significant main effects or interactions 

with parenting for either the 18-month or 84-month intercept or the slope of ego-resiliency 

(see Table 3). In the haplotype model, we found differences between the S10 group 

compared to the L10–L12 and S12 groups. Specifically, the S10 group negatively predicted 
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the intercept of ego-resiliency (β = −.52, SE = .19, t = −2.78, p < .01), but not the linear 

slope. This model fit the data better than the random effects models, χ2 (2) = 7.92, p < .01. 

We then added observed parenting into the model. Both parenting (β = .22, SE = .09, t = 

2.57, p < .01) and S10 status (β = −.54, SE = .19, t = −2.82, p < .01) uniquely and 

significantly predicted the 18-month intercept of children’s ego-resiliency. Neither parenting 

nor the haplotypes predicted the linear slope. This model also fit the data better than the 

random effects models, χ2 (3) = 14.3, p < .01. Interactions between the haplotype groups and 

parenting were nonsignificant. Child sex was not associated with ego-resiliency as a main 

effect or in interaction with genetic variables. Our other covariates (household income, 

mothers’ education, and fathers’ education, all reported at 18 months) also did not 

significantly predict ego-resiliency in the regression model. However, as shown in Table 2, 

income and both mothers’ and fathers’ education was significantly correlated with observed 

parenting as we expected.

Discussion

The present study supports the hypothesis that antecedents of the personality trait of ego-

resiliency appear to include both socialization and genetic factors (Block & Block, 1980). 

We found that observed parenting at 18 months was positively related to children’s ego-

resiliency, consistent with prior studies (e.g. Stams et al., 2001; Taylor et al., in press). 

Furthermore, our study was, to the best of our knowledge, the first to find associations 

between ego-resiliency and the serotonin transporter gene (SLC6A4) in children (and the 

only one to examine serotonin haplotypes as predictors of ego-resiliency). Although the 

genetic variants in isolation did not predict ego-resiliency, haplotype combinations of the 

LPR and STin2 polymorphisms did. Specifically, children in the S10 haplotype group had 

lower initial levels of ego-resiliency than those in the other groups. Genetic variation does 

not always combine ’additively’ when explaining phenotypic variance, in that functional 

combinations across polymorphisms, whether they be in the same gene or across genes, are 

much more likely to explain complex trait variation (Belsky & Beaver, 2011; Claw et al., 

2010). This finding suggests that individual differences in children’s ego-resiliency are 

partially due to variation in SLC6A4 haplotypes. Given the stability of ego-resiliency, it is 

likely that this haplotype predicts ego-resiliency well into childhood and perhaps beyond. 

Also of interest, the relation between genetic variants and ego-resiliency remained 

significant after including parenting in the model.

The present study did not find a gene x parenting interaction when predicting ego-resiliency; 

although prior research with this sample did detect a significant SLC6A4 haplotype x 

parenting interaction in regards to the development of compliance in children (Sulik et al, 

2012). However, Stein and colleagues (2009) also did not find significant gene x 

environment interactions when predicting personality resilience. Because our sample was 

relatively low-risk, it could be the case that a more significant stressor (i.e., harsh parenting) 

would be needed in order to find a significant interaction that is associated with ego-

resiliency, particularly because ego-resiliency might be most evident in adverse 

environmental contexts. However, the finding that both parenting and genetic variation 

provided significant and unique prediction of children’s ego-resiliency supports an additive 

effect.

Taylor et al. Page 10

Soc Dev. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Although we did not find an individual genetic effect for the SLC6A4 LPR, our findings are 

generally consistent with Stein and colleagues (2009) who found that having an S allele was 

associated with lower levels of reported emotional resilience in college students. 

Importantly, we extended this prior work to early childhood. Furthermore, because we find 

significant results when examining haplotype groups, our observations provide more 

resolution and even stronger support for the role of the SLC6A4 gene and serotonin on ego-

resiliency. Specifically, although associations with the S allele alone have been documented 

in previous studies (e.g., Caspi et al. 2010), this current work indicates that this allele alone 

may not always be the driving influence for behavior-related traits, but that only in 

combination with other genetic variants (e.g., the STin2-10 allele), a significant outcome is 

seen. This result is somewhat predicted by even previous functional work (e.g., Ali et al., 

2010) with the S allele showing that in combination with the 10 allele, a significantly lower 

level of gene expression was possible. This functional association between haplotypes and 

gene expression predicts differences in serotonin expression (albeit possibly subtle 

associations for certain traits vs. others), even between the S10 and S12 groups, as is seen in 

the current study.

As ego-resiliency is assumed to reflect adaptability to environment stress and change, our 

findings are consistent with research that has found individuals with S alleles have higher 

sensitivity to stress and negative affect (Caspi et al., 2010; Gotlib et al, 2008; Pluess et al., 

2011). A potential pathway linking SLC6A4 and ego-resiliency could be via the effect of the 

serotonin transporter gene on physiological functioning. Ellis and colleagues (2011) found 

that adults with short 5-HTTLPR alleles had significantly lower resting respiratory sinus 

arrhythmia (RSA) than those with long alleles. RSA is believed to reflect how individuals 

physiologically regulate emotion (Ellis, Beevers, Hixon, & McGeary, 2011). Our findings 

suggest that genetic variability in the serotonin transporter may also contribute to individual 

differences in the personality characteristic of ego-resiliency, although further study and 

replication need to be undertaken before firm conclusions can be made.

Lastly, although parenting and genetic variation predicted the intercept of ego-resiliency, 

neither of these factors predicted the slope. However, the same effects were found at 18 and 

54 months of age. Ego-resiliency is fairly high in rank-order stability across early childhood 

(Block and Block, 2006), which suggests that individual differences in ego-resiliency may 

emerge at an early age and are relatively stable. Our findings are consistent with this 

hypothesis and underscore the importance of assessing antecedents of ego-resiliency, such 

as parenting, during early childhood. However, it is probable that the links between maternal 

parenting and children’s ego-resiliency could result from shared genetic heredity. Future 

research that uses multi-method ways of examining ego-resiliency will be important.

Of note, there was significant variance around the slope that was not predicted by the 

variables in our study. Few researchers have examined trajectories of growth in ego-

resiliency. Kim and colleagues (2009) found that for maltreated children, earlier onset of 

maltreatment was related to a low and decreasing trajectory of ego-resiliency and higher 

levels of internalizing symptoms compared to maltreated children with a later onset of 

maltreatment. However, slopes between nonmaltreated and maltreated children did not 

differ. It is possible that other temperamental characteristics contribute to the development 
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of ego-resiliency. For example, researchers have found that temperamental traits such as 

conscientiousness, openness to new experiences, extraversion and emotional stability 

explain variance in ego-resiliency in both children and adolescents (Asendorpf, & van Aken, 

1999; Nakaya, Oshio, & Kaneko, 2006; Robins, John, Caspi, Moffitt, & Stouthamer-Loeber, 

1996). More research is needed to determine what factors contribute to explaining variance 

in trajectories of ego-resiliency, especially in early childhood.

Strengths of the current study include the use of observed—rather than self-reported— 

parenting, application of a growth curve analysis, the inclusion of multiple genetic variants 

investigated separately and combined as haplotypes, and a longitudinal design. Our study is 

limited by the moderate sample size and our inability to examine some genotypes by 

themselves (e.g. the S10-S10). However, individuals with two S10 haplotypes are very rare 

(3% worldwide; Claw et al., 2010) and a larger sample is unlikely to have included 

significant numbers of this group. Focusing on predominantly single ethnic groups helps 

analyses from both statistical and interpretational views; however, we note that we do not 

necessarily expect our findings to generalize to children in other cultural or ethnic groups. In 

fact, these results support the need to conduct similar analyses in other diverse groups for 

comparison given the documented ethnic differences in parenting influences (e.g. Deater-

Deckard et al., 2011; Martin, Fisher, & King, 2012), as well as in haplotype combinations 

(Claw et al. 2010). Also important, because associations between genes and developmental 

adjustment have a history of being inconsistent, the association between serotonin 

haplotypes and ego-resiliency should be replicated with other samples (Risch et al., 2009).

In general, our findings demonstrated the importance of looking at combinations of genetic 

variants as haplotypes in coordination with environmental variables when examining 

developmental characteristics in children; if we had examined only single genetic variants, 

we would not have found a relation between serotonin and ego-resiliency. Researchers are 

increasingly finding individual differences in adjustment are predicted by a combination of 

genetic variants and even multiple genes, whether this be by direct interaction or even by 

modification of one by another (Kim-Cohen & Gold, 2009). In particular, because resilience 

involves intrinsic and extrinsic processes of successful adaptation to adversity, it will be 

important to determine what additional genetic, individual, and environmental factors 

interact to predict ego-resiliency in children (Lemery-Chalfant, 2010). Future research 

should continue to address the ways in which genetic combinations contribute to 

development of children’s personality traits such as ego-resiliency.
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Table 3

Parenting and SLC6A4 Haplotypes as Predictors of Mother Reports of Ego-Resiliency

Ego-Resiliency

Main Effects Interactions

Fixed Effects b t p b t p

Intercept a (18 months) 6.93 6.99

 S10 vs. S12 −0.49 −2.52 ** −.53 −2.78 **

 S10 vs. L10-L12 −0.53 −2.82 ** −.50 −2.71 **

L10–L12 vs. S12 0.04 0.32 .03 .27

 Parenting 0.22 2.57 ** .30 2.37 *

 Parenting × S10 vs. S12 −0.29 −1.07

 Parenting × S10 vs. L10-L12 −0.19 −0.68

 Parenting × L10-L12 vs. S12 0.10 0.55

Linear slope b −0.01 −0.81 0.01 0.41

 S10 vs. S12 −0.04 −1.13 −0.04 −1.11

 S10 vs. L10-L12 −0.01 −0.16 −0.01 −0.17

 L10–L12 vs. S12 0.03 0.55 0.03 0.54

 Parenting −0.02 −1.00 −0.02 −0.97

 Parenting × S10 vs. S12 −0.10 −0.56

 Parenting × S10 vs. L10-L12 −0.29 −1.07

 Parenting × L10-L12 vs. S12 0.18 0.68

Pseudo r2 (%)
−2LL (deviance)

4.3%
1932.92

>4.4%
1934.08

a
Note: This coefficient refers to the intercept for the S10 group at the mean level of parenting. The difference between the intercept for the S10 

group and the other genetic groups at the mean level of parenting is represented by the genetic main effects

b
This coefficient refers to the linear effect with time centered at 18 months. The genetic main effects on the slope represent the difference between 

this coefficient for the S10 group and the other genetic groups. Child sex was not associated with ego-resiliency as a main effect or as an 
interaction with genes. N =153.
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