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Background: Secure attachment reflects caregiver-child relationship in which the caregiver is responsive when support and comforting are needed by the child. This pattern of bond has an important buffering role in the response to stress by the reduction of the negative experience and its associated physiological response. Disruption of the physiological stress system is thought to be a central mechanism by which early care impacts children. Early life stress causes cellular and molecular changes in brain regions associated with cognitive functions that are fundamental for early learning.

Methods: The association between attachment, cortisol response before and after the Strange Situation Experiment, and neurodevelopment was examined in a sample of 107 preschoolers at age three. Also, the predictive effect of cortisol reactivity and attachment on telomere length at age seven was investigated in a followed-up sample of 77 children.

Results: Children with insecure attachment had higher cortisol secretion and poorer neurodevelopmental skills at age three. A significant cortisol change was observed across the experiment with non-significant interaction with attachment. The attachment and neurodevelopment association was not mediated by cortisol secretion. Preschoolers’ attachment and cortisol did not associate nor interacted to predict telomere length at age seven.

Conclusion: These findings add evidence to the detrimental effects of insecure attachment as an aggravator of the physiological response to stress and poorer neurodevelopment during the preschool period. Although attachment and cortisol were not predictive of telomere length, intervention policies that promote secure attachment are more likely to positively echo on several health domains.
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Introduction

Positive parent-child relationship is crucial for optimal child development. Attachment behavior, conceived as a behavioral system, is thought to have an evolutionary adaptive value and biological function (Ainsworth et al., 2015; Cassidy, 2016). Individual variations of attachment styles define the degree to which there are emotional availability, consistent attention, and accurate interpretation of the child’s signals in the child-caregiver relationship (Finzi et al., 2001; Alvarenga et al., 2019). This in turn will influence how the child will develop certain behavioral, psychological, and emotional concepts to understand and react to social interactions later in life (Bowlby, 1988; Finzi et al., 2001). Along these lines, a secure attachment relationship between the child and the caregiver consists of one of the most important forms of stress buffer driven by the reduction of negative and maintenance of positive emotions, and the physiological processes associated with the emotional experiences (Roque et al., 2012; Reilly and Gunnar, 2019).

Disruption of the physiological stress response system is thought to be a central mechanism by which early care and parenting negatively impact child development (Ashman et al., 2002; Meaney and Szyf, 2005; McLaughlin et al., 2015; Reilly and Gunnar, 2019). The hypothalamic-pituitary-adrenal (HPA) axis plays a central role in controlling and regulating the relationship between the central nervous system and the peripheral stress response (Kudielka and Kirschbaum, 2005; Badanes et al., 2012; Reilly and Gunnar, 2019). Activation of the HPA axis in response to stress results in the release of cortisol to mobilize energy and resources to respond to environmental threats (Kudielka et al., 2004). This mobilization allows the organism to maintain functioning under challenging conditions (allostasis), however, under conditions of repeated and/or chronic stress (high allostatic load), typical HPA function might be disrupted in the long term (Reilly and Gunnar, 2019). Sensitive and responsive caregiving is strongly linked to the development of secure attachment (Gervai, 2009) which acts as a buffer to stressful exposures (Badanes et al., 2012; Fong et al., 2017; Johnson et al., 2018). Deprivation of sensitive and responsive caregiving in early childhood could be especially harmful when exposure to an adverse early environment and neglect is also present (Shakiba and Raby, 2021). Evidence indicates that caregiver’s presence reduces activation of the HPA axis in offspring exposed to a stressor, and children raised in a predominately negligent environment exhibit altered autonomic nervous system function (Zeanah et al., 2005; McLaughlin et al., 2015; Nelson and Gabard-Durnam, 2020). In addition, animal models demonstrated that stress during early development causes various cellular and molecular changes in the brain, mostly seen in the hippocampus and frontal regions (Meaney and Szyf, 2005; McEwen and Gianaros, 2010). Those regions are associated with complex cognitive functions that are fundamental for learning, such as intelligence, executive functions, and memory (Houdé et al., 2010; Ziegler et al., 2013; Modabbernia et al., 2020). However, a great deal of work on attachment theory focused on infants’ emotional regulation (Schore, 2001; Roque et al., 2012), anxiety and fearfulness (Bergman et al., 2008; Colonnesi et al., 2011), and externalizing behavior problems (Finzi et al., 2001; Nofech-Mozes et al., 2019).

There is evidence that secure attachment favors a better performance on executive functioning tasks in infants (Menon et al., 2020), and meta-analytic data indicating a strong association with language and a weaker but significant association with intelligence (IJzendoorn et al., 1995). However, investigations about how attachment styles influence preschoolers’ HPA axis response and emergent cognitive abilities, which are the foundation of early learning, are still scarce. Preschool education benefits the development of early skills that predict short and long-term effects on school readiness and health outcomes (Yoshikawa et al., 2013). Attachment in infancy has been particularly explored in the context of developmental pathways, in which attachment classification posits as a relevant indicator of future psychopathology by marked continuity (Crittenden, 1992; Moss et al., 2005). However, although attachment in infancy predicts attachment patterns in preschool years, overall attachment stability classification is considered to be moderate (Moss et al., 2005; Opie et al., 2020). Therefore, the large literature on attachment, cortisol reactivity, and child outcomes in early infancy may not be directly generalized to the preschool developmental stage. This indicates a need to consider attachment patterns in preschool-age with special attention to its specificities, such as children’s considerably more complex cognitive and linguistic skills, and the challenges associated with dealing with a new environment and separation from the main caregiver (Crittenden, 1992; Moss et al., 2004).

Insecure attachment in the preschool period was associated with poorer cognitive skills (O’Connor and McCartney, 2007) and increased cortisol across the childcare day (Badanes et al., 2012). However, studies exploring the moderation or mediation role of HPA functioning in preschoolers are still lacking. This is of particular relevance as cortisol reactivity is considered an important biomarker of individual differences, moderating the association between attachment and cognitive outcomes, and parental support in the relative change in anxious attachment styles (Van Bakel and Riksen-Walraven, 2004; Fong et al., 2017; Nofech-Mozes et al., 2019; Houbrechts et al., 2021). More importantly, as a precursor of early social development, attachment patterns are likely to obtain promising effects on several health domains through a cascade of positive adaptation by caregiver-child dyads (Dozier et al., 2008; Newman et al., 2015; Handley et al., 2017; Julian et al., 2018).

Another biomarker sensitive to stressful life experiences that increase HPA axis activation, oxidative stress, and inflammation is telomere length (TL; Houben et al., 2008; Gotlib et al., 2015; Martens et al., 2020). TL is composed of sequences of repetitive DNA that protect chromosomal ends fusion and degradation (Houben et al., 2008). The impossibility of DNA polymerases to replicate chromosomes completely leads to the shortening of chromosomes at each cell division and, therefore, is considered an indicator of cellular aging (Houben et al., 2008; Martens et al., 2020). Cross-sectional studies have found that parental socioeconomic status and depression levels are associated with accelerated TL reduction in newborns (Martens et al., 2020) and pre-adolescents (Gotlib et al., 2015). While shorter TL was associated with higher cortisol reactivity to stressful settings (Gotlib et al., 2015), secure attachment in early life seems to act as a moderator of the effects of cumulative childhood adverse experiences on adults’ TL (Dagan et al., 2018). Even so, there is a paucity of studies investigating the predictive feature of early attachment styles and HPA axis response on TL at a later developmental stage.

For the reason of the lack of studies concerning the long-term effects of attachment styles and cortisol response during preschool years, the current study aimed to investigate if the associations of attachment styles with HPA axis functioning and cognitive neurodevelopment are also observed in preschool years, as well as the predictive effect of cortisol reactivity and attachment on telomere length at age seven. For this, we investigated the impact that different attachment styles have on cortisol responses across the Strange Situation Experiment (Moss et al., 2004), and if differences between secure and insecure attachment styles predict neurodevelopment of these infants assessed by the Bayley Scales of Infant Development (BSID; Bayley, 1993). Because individual variations in cortisol secretion are thought to be a mediator between early care environment and developmental outcomes (Reilly and Gunnar, 2019), we analyzed a mediation model with aggregated cortisol as a mediator between attachment style and neurodevelopment. We also investigated if attachment style and HPA axis response at 3 years of age interacted to predict children’s TL at 7 years of age. Other co-factors were also considered, including maternal education and levels of depression, and family income as possible confounding of the association of attachment, cortisol response, neurodevelopment, and telomere length.



Materials and methods


Participants and procedures

A sample of 107 mother-child dyads was drawn from the Maternal Adversity, Vulnerability, and Neurodevelopment study (MAVAN; O’Donnell et al., 2014). MAVAN is a Canadian community-based longitudinal and prospective cohort following mothers and their infants. The MAVAN project was established in 2003 with an initial sample of 630 mother-child dyads that were monitored to investigate the potential consequences of the prenatal (in combination with the postnatal environment) in children’s neurodevelopmental outcomes. Children were monitored from birth to 72 months of age using several measures of neurodevelopment. Pregnant women were recruited around 13 to 20 weeks of gestation from obstetric clinics in hospitals. They were eligible to take part in the study if they were over 18 years of age, fluent in either English or French and did not have: (1) serious obstetric complications during the pregnancy or delivery of the child; (2) child birth weight <2000 g; (3) prematurity (<37 weeks’ gestation) or; (4) any congenital diseases. Data and sample size from this study are based on sample availability at the 3-year post-partum visit (N = 107) the follow-up subsample (N = 71) from the 7-year visit. Data were collected at the St-Joseph’s Hospital (Hamilton-ON, Canada). The average maternal age at the 3-year visit was 33.8 years (SD = 4.8), preschoolers’ age was 3.7 years (SD = 0.1) and 60.7% of participants were boys. At the 7-year visit, the average maternal age at data collection was 35.9 years (SD = 5.1) and children’s age was 7.27 (SD = 1.4, 52.1% boys). Ethical approval for this study was obtained from the St-Joseph’s Hospital and McGill University, and informed written consent was obtained from each mother.



Measures


Strange situation experiment and infant attachment style

A modified version of the Ainsworth’s preschool strange situation experiment was used to define the attachment style of infants at the age of 36 months (Moss et al., 2004). The experiment consisted of a 20-min observational assessment of four stages with varying duration of 3–5 min each. At the first stage, the mother and child were separated, and the child was left alone in the room with age-appropriate toys. In the second stage, they were reunited and freely interact with each other. In the third stage, the dyad was separated again, and in the last stage, they met again. The mothers received no specific instructions concerning the reunions.

Trained coders classified the reunion styles based on evaluations of the child’s physical proximity to the mother, affective expression, and verbal interactions. Securely attached children use the mother to explore the playing room, thus children were classified with secure attachment (N = 61) if a pattern of relaxed and mutually enjoyable interactions between the dyad was observed. Children were classified as insecure-avoidant (N = 9) if a pattern of physical and affective avoidance toward the parent was exhibited. Insecure-avoidant children will typically not be engaged in the caregiver’s verbal initiatives. Parent-child verbal exchanges are often short, with little elaboration followed by topics initiated by the other. Children classified as insecure-ambivalent/dependent (N = 16) struggled to initiate independent behaviors – followed the caregiver around the room or wanted to be held often – or exhibited excessive immaturity evidenced by passivity or conflictual behavior patterns. Interactions between parent and child often seem to interfere with child exploration. Children classified as insecure-disorganized (N = 21) were unable to use the caregiver as a secure base for exploration but did not clearly show the insecure-avoidant or insecure-ambivalent/dependent pattern. We opted to combine the insecure attachment sub-types (avoidant/dependent, ambivalent, and disorganized) into a general insecure category (N = 46) due to the small number of subjects in each insecure group.



Salivary cortisol

Infant saliva was sampled for cortisol determination at four points during the 36-month cohort visit. The first saliva sample was collected 20 min before the Strange Situation Experiment. The second, third, and fourth saliva samples were collected 20-min, 40-min, and 60-min, respectively, after the end of the experiment. Saliva sampling was performed using Visispear sponges (Beaver-Visitec Int., Waltham, MA, USA) and samples were stored in centrifuge tubes at −80°C until assayed. Cortisol assays were performed in the Neurosciences Laboratory at St. Joseph’s Healthcare, Hamilton, ON, under the guidance of the laboratory manager. Samples were thawed, and saliva was extracted via centrifugation (3,000 rpm at room temperature for 15 min) yielding approximately 200 μl of saliva. Salivary cortisol measurements were quantified using a high-sensitivity enzyme immunoassay kit (Salimetrics, LLC, State College, PA, USA). According to Salimetrics’ assay protocol1 “the correlation between saliva and serum was highly significant, r (47) = 0.91, p < 0.0001” (p. 16), indicating that “salivary cortisol levels reliably estimate serum cortisol levels” (p. 3). Assay sensitivity was 0.08 nmol/L, and the intra- and inter-assay coefficients of variation were 3.5 and 5.1%, respectively.



Child neurodevelopment

The Mental Scale of Bayley Scales of Infant and Toddler Development: Second Edition (BSID; Bayley, 1993) was used as a measure of neurodevelopment. The Bayley Scales mental development index (MDI) is a composite of children’s language and cognitive abilities. It assesses age-appropriate levels of memory, problem-solving, habituation, incipient number concepts, generalization, classification, vocalizations, and language skills, through a series of age-ordered tasks. Raw scores are converted to a standardized measure of cognitive development considering each age group with a mean of 100 and a standard deviation (SD) of 15. The psychometric properties of the Bayley scales indicated good to excellent validity and reliability (Da Silva et al., 2018). Children’s development assessment was performed by trained and experienced professionals.



Telomere length

Catch-All™ Sample Collection Swabs (Epicentre®, Madison, WI, USA) were used to collect buccal cells. Genomic DNA was extracted starting with a lysis step as indicated by the collection kit manufacturer’s instructions, then using QIAsymphony DNA kits (DSP DNA midi kit; Qiagen, Hilden, Germany), with an additional digestion step of Qiagen RNase-A. DNA concentration and quality were assessed using the MBI P330 nanophotometer (Implen, Munich, Germany). Extracted genomic DNA was diluted, for a final concentration of 15 ng per sample. The telomere PCR reaction mixture, final volume 15 μl, contained: 5 μl of 2× LightCycler® 480 SYBR Green I Master (F. Hoffmann-La Roche AG, Basel, Switzerland) for a final concentration of 1×; 1.2 μl of primers TelgF (ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT) and TelcR (TGTTAGGTATCCCTATCCCTATCCCTATCCCTA-TCCCTAACA; Cawthon, 2009), 0.6 μl of each, at final concentration of 1 μM each; 2.3 μl of water; and 1.5 μl of sample for a final DNA amount of 22.5 ng. The single-copy genome PCR reaction contained the exact amount and concentration of reagents except for the primers 36B4U (CAGCAAGTGGGAAGGTGTAATCC) and 36B4 (DCCCATTCTATCATCAACGGGTACAA) (O’Callaghan and Fenech, 2011).

To generate absolute values, standard curves for telomere and single-copy genome were performed. The oligomer standard, 84 bp in length (TTAGGG) repeated 14 times, and the synthesized 36B4 oligomer standard, 75 bp in length (CAGCAAGTGGGAAGGTGTAATCCGTCTC-CACAGACAAGGCCAGGACTCGTTTGTACCCGTTGATGATAGAATGGG) were diluted 1/10 five times to measure the content of telomeric sequence per sample in kb and diploid genome copies per sample, respectively (O’Callaghan and Fenech, 2011).

Each PCR reaction was performed in triplicate and three non-template controls were included on each 96-well plate. All samples were analyzed on the Roche LightCycler® 480. Telomere PCR conditions were: one cycle at 95°C for 15 min, followed by 40 cycles of 95°C for 10 s, 57°C for 10 s and acquisition at 72°C for 10 s, followed by a melting curve: one cycle of 95°C for 5 s, 65°C for 30 s and 97°C continuous. Finally, a cooling step: 40°C for 30 sec. The single-copy genome 36B4 PCR conditions were: one cycle for 15 min at 95°C; followed by 40 cycles of 95°C for 10 s, 60°C for 10 s with 10 s at 72°C with signal acquisition; followed by a melting curve of one cycle of 95°C for 5 s, 65°C for 30 s and 97°C continuous. The final step consisted of cooling at 40°C for 30 s. After amplification, raw data was generated using LightCycler® 480 software version 1.5.1.62 SP3. Raw ct values were transformed into Kb and diploid genome copies per sample using the linear formula generated from each standard curve (r2 = 0.99, for both curves). T/S ratio (absolute quantification divided by absolute telomere length) was calculated by dividing Kb data into diploid genome copies (O’Callaghan and Fenech, 2011).



Covariates: Socioeconomics and maternal mood

Mothers reported their current age, family income, education, and depression levels at the 36-months and 7-years post-partum visits. Depression levels were assessed using the Center for Epidemiologic Studies Depression Scale (CES-D; Radolf, 1977). The CES-D scores can vary from zero to 60 and a cut-off of 16 is used for a clinical diagnosis of depression (Radolf, 1977).




Data analysis

Descriptive statistics and inter-correlations were computed for all the variables in the analyses. Biochemical measures were summarized and their distributions investigated. Cortisol values across measurements and TL were positively skewed. Two participants had cortisol levels above 4 standard deviations from the mean and were removed from the analysis. The remaining values were log10 transformed, resulting in normal distributions for all samples. Generalized estimating equation models were fit with an autoregressive correlation structure to take into account the large correlations of time adjacent measurements, and a systematically decreasing correlation with increasing distance measurements when estimating standard errors (Fitzmaurice et al., 2011). We restricted the model to include terms of theoretical interest such as main effects of the repeated cortisol measurements (time), attachment styles, maternal education, sex, and family income. We also included a term for two-way interactions (attachment × income; and attachment × time) but this term did not reach statistical significance and therefore it was dropped. At this stage, the geepack R (version 4.0.2) package was used (Halekoh et al., 2006).

We examined cognitive neurodevelopment differences across attachment groups using univariate analysis of covariance (ANCOVA) concurrently controlling for sex, income, maternal education, and depression level, at this stage we only included the significant covariates in the models, for those models we reported the associated Betas (B), Cohen’s r equivalente effect size (Rosenthal and Rubin, 2003), and p-values. Finally, mediation analyses were performed to examine attachment style effects on child neurodevelopment via cortisol response. At this stage, cortisol measurements were aggregated using area under the curve with respect to the ground (AUCg; Pruessner et al., 2003) to serve as a predictor and mediator. AUCg accounts for baseline cortisol levels and the change associated with posterior measurements by capturing the distance of measurements in relation the minimum detected value. For mediation analysis, we followed standard procedures suggested by Jose (2013) in which mediation parameter estimates, standard errors, and confidence bounds for total and indirect effects were obtained by bootstrapping 10,000 bias-corrected samples using the lavaan package (Rosseel, 2012). Ninety-five percent bootstrap confidence intervals were reported in order to achieve robust non-parametric inference. Bootstrapped confidence intervals that do not include zero indicate that the independent variable has an indirect effect on the dependent variable via the mediator (Bollen and Stine, 1990). For TL analysis at age seven, we conducted three ANCOVAs with TL as the dependent variable: a model with an interaction between attachment and AUCg cortisol, a model with an interaction between attachment and age at TL sample collection, and a model with the main effects of AUCg cortisol and attachment. At this stage, we also screened for significant covariates.




Results

At age three the sample sizes for the attachment groups were 61 for secure and 46 for insecure children, at age seven 40, and 32, respectively. In all analysis attachment classification (0 = secure, 1 = insecure) and sex (0 = male, 1 = female) were dummy coded. Table 1 shows the descriptive statistics and significance levels of the Student’s t-test for all the measures analyzed by attachment style. Children from the insecure attachment group had poorer neurodevelopmental scores (BSID, p = 0.02 for 3 years old and p = 0.04 for 7 years old) and a higher aggregated cortisol AUCg (p = 0.033) at age three. Mothers of children with different attachment styles showed no significant differences concerning education, family income, and the CES-D depression score for both ages of children.


TABLE 1    Sample demographics and study variables descriptive statistics.
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The inter-correlations between the studied variables are reported in Table 2. Cortisol levels were significantly intercorrelated, p’s < 0.001, and Levene’s test indicated homogeneous variance across attachment groups: 20-min pre (F = 2.06, p = 0.15), 20-min post (F = 0.36, p = 0.55), 40-min post (F = 0.08, p = 0.78), 60-min post (F = 0.51, p = 0.47), and AUCg (F = 0.06, p = 0.81). Maternal education, income, and CES-D scores also presented significant correlations. Children who scored higher on the BSID scale also had mothers with a higher education level (p < 0.05). TL was significantly correlated with children’s age at the 7-years visit (r = −0.33, p = 0.005).


TABLE 2    Descriptive statistics and correlations among variables.
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The investigation of repeated cortisol measurements using GEE modeling with attachment style, child’s sex, maternal education, and income level yielded a significant prediction of cortisol response (Table 3). Children with an insecure attachment to their caregiver had higher general cortisol production compared to those with a secure attachment (Figure 1).


TABLE 3    GEE model of cortisol response before and after the Strange Situation Experiment.
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FIGURE 1
Salivary cortisol levels as a function of time and attachment style. GEE’s predicted cortisol as a function of attachment styles and repeated measures, *p < 0.05, **p < 0.01.


Pairwise repeated cortisol measures using Tukey correction indicated significant differences between the 20-min before the experiment in comparison to the 20-min post the strange situation, and between the post-20-min and post-40-min measurements. None of the covariates had a significant association with the outcome (Table 3 and Figure 1).

ANCOVA results indicated that children with insecure attachment had poorer neurodevelopmental scores in comparison with children from the secure group (B = −5.17, r = 0.23, p = 0.017). Child’s sex (B Female = 4.93, r = 0.22, p = 0.023) was also significantly associated with BSID scores (Figure 2).
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FIGURE 2
Preschoolers’ neurodevelopment across attachment groups. Bayle Scales of Infant Development mental scores are adjusted for child’s sex [F (1,96) = 7.76, p = 0.023]. Error bars represent 95% confidence intervals of the means, *p < 0.05.


Since attachment styles were associated with cortisol AUCg and BSID scores, we proceeded to investigate if the association of attachment and neurodevelopment was mediated by cortisol AUCg. The mediation model indicated a direct main effect of attachment style on cortisol AUCg (p = 0.048) and neurodevelopment (p = 0.022). The association between attachment style and neurodevelopment was not mediated by cortisol (indirect B = 0.52, p = 0.365) nor interacted (B = 4.17, p = 0.409), indicating that attachment style was independently associated with the aggregated levels of cortisol and neurodevelopment (see Figure 3 for the estimated parameters of the mediation model).
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FIGURE 3
Mediation analysis for Attachment Style effects on child neurodevelopment via cortisol AUCg. Total effects: B = –4.58 [–8.66: –0.30], p = 0.032; indirect effects: B = 0.52 [–0.12: 2.40], p = 0.365. Values inside brackets indicate 95% bootstrapped confidence interval.


We then explored whether there was a difference between attachment groups in the telomere length in our follow-up sample. ANCOVA results indicated that there were no significant interaction between cortisol AUCg and attachment [F (1,66) = 0.32, B = −0.175, p = 0.569], attachment and age [F (1,66) = 0.03, B = −0.02, p = 0.857], nor significant differences in telomere length of 7-years-olds across attachment groups, F (1,66) = 0.81, p = 0.368 (Figure 4). The only covariate that showed a significant association with telomere length was children’s age at sample collection (B = −0.13, Cohen’s r equivalent = 0.33, p = 0.005). Maternal education, income, and CES-D score at age seven were not significantly associated with telomere length.
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FIGURE 4
Preschooler’s telomere length across attachment groups. Telomere length measures are adjusted for child’s age at sample collection, F (1,68) = 8.29, p = 0.005. Error bars represent 95% confidence intervals of the means, n.s., Not significant.




Discussion

Insecure attachment styles in infancy are associated with a variety of negative developmental outcomes, including poor mental and cognitive functions such as intelligence executive functioning, physical health, and atypical social behavior (Colonnesi et al., 2011; Maras et al., 2016; Fong et al., 2017). Alterations in the development of stress response systems are thought to be a mediating mechanism linking adverse experiences to the onset of developmental problems (McLaughlin et al., 2015). The findings of the present study extend to the preschool period evidence of the importance of attachment since, compared with the vast infant literature, relatively few studies have examined associations of preschool attachment with cortisol secretion and neurodevelopment (Moss et al., 2004). Our results also highlight that at age three a secure bond between the child and the caregiver is associated with reduced physiological cortisol activity elicited by the emotional experience probed by the Strange Situation Experiment. At the behavioral level, the insecure attachment was significantly associated with poorer neurodevelopment BSID scores, highlighting the importance of early child-caregiver interactions for the attainment of early cognitive abilities that are predictive of complex cognitive function and learning in later development (Krogh and Væver, 2019; Rubio-Codina and Grantham-McGregor, 2020).

Mediation analysis did not provide evidence for the role of salivary cortisol response in mediating the association between attachment style and neurodevelopment, suggesting that the effect of insecure attachment on poor neurodevelopment task performance and higher levels of overall cortisol were independent. Those findings are in line with the notion that the attachment relationship between children and caregivers is a necessary scaffold for the development of numerous skills, including emotion regulation, language, and school readiness (Rispoli et al., 2013; Cooke et al., 2016). The direct association of attachment styles with cognitive neurodevelopment might be explained by the fact that a secure and stable bond facilitates the observation of parental behavior by the child favoring modeling learning (Bjorklund, 2012). Another aspect of children’s learning is that parental presence changes the nature and content of associative learning processes by facilitating exploration, indicating that learning systems during early childhood are developed to allow modulation as a function of parental presence (Tottenham et al., 2019). Taken together, findings regarding HPA axis reactivity, neurodevelopment, and attachment security emphasize the relevance of the early relationship to shaping development at biological and behavioral levels. Thus, parents’ efforts toward establishing mutually engaging and emotionally available interactions with their children might improve socio-emotional and cognitive functioning in the early years (Rispoli et al., 2013; Reilly and Gunnar, 2019).

It is worth noting that we took advantage of a well-established experimental procedure to determine the pattern of the child-caregiver bond and measured the physiological HPA axis response immediately before and after testing. Since the Strange Situation Experiment is, in many cases, a stress-invoking experience (Ainsworth et al., 2015), the HPA axis response measurement immediately before and after the procedure allowed us to rely on objective measures that control for bias and social desirability effects present on self-report measures (Fisher and Katz, 2000). Interestingly, we observed a decrease 20 min after the experiment, followed by an increase at the 40- and 60-min measurements for both groups. Although an immediate increase would be expected, non-significant cortisol changes in relation to challenging exposures have been reported previously (Roque et al., 2012). It is possible that the continued assessment of cortisol levels after 60 min of the experiment could auxiliate in the distinction of HPA functioning as a function of attachment styles. Additionally, previous studies that assessed attachment style and cortisol response before and after the Strange Situation Experiment in infants also observed an association with insecure attachment yielding higher cortisol AUCg, and reactivity (Van Bakel and Riksen-Walraven, 2004). Although Van Bakel and Riksen-Walraven (2004) found evidence of interaction between cortisol response and attachment, in which insecure infants showed variable cognitive competence as a function of cortisol reactivity, this pattern of association was not replicated in our sample of preschoolers. Nonetheless, an insecure attachment was associated with poorer neurodevelopment and higher levels of cortisol response in line with the notion that non-secure attachment may affect several mechanisms, placing children on a path to future psychopathology (Fong et al., 2017; Nofech-Mozes et al., 2019).

Cortisol levels and attachment group, as well as their interaction, were not correlated with TL at 7y. Although we used repeated measures of cortisol compiled in the form of the AUCg, salivary cortisol might be too dynamic to capture long-term HPA axis activity (Flom et al., 2017). Accordingly, a meta-analysis that considered basal cortisol or cortisol reactivity in cross-sectional studies did not observe a significant association with TL (Jiang et al., 2019). Conversely, Barha et al. (2017) found that morning urinary cortisol assessed over 7 weeks was negatively associated with TL, indicating that a longer cortisol monitoring could be better suited for capturing chronic exposures. Therefore, another marker of HPA function, hair cortisol concentration, might be a more appropriate marker of cumulative/chronic cortisol exposure (Flom et al., 2017). Additionally, we acknowledge that an initial measure of TL could inform on individual variation in the rate of TL shortening (Daniali et al., 2013). However, this information is not available at age 3 in our sample. One could speculate based on previous findings that TL at birth and age-dependent shortening thereafter are highly variable across individuals (Benetos et al., 2019), and as a measure associated with individual variation, attachment might contribute to the trajectory of this biomarker. Some findings indicate that individual variation in the rate of TL in adulthood is usually insufficient to overcome interindividual variation in TL in pre-adulthood years – therefore, individuals with comparatively short or long TL typically maintain a similar length (short or long in comparison to its peers) throughout their remaining life course (O’Callaghan and Fenech, 2011). In contrast, prenatal adversity (like smoking during pregnancy) is associated with greater TL shortening from four to 18 months of age (Howell et al., 2022). Thus, since in many cases attachment is viewed as buffer to adversity, the examination of TL trajectories warrants future studies targeting attachment, neurodevelopment, and the HPA axis response.

Although our study considered repeated measures of cortisol, gold-standard tests, and experimental procedures, some limitations and future directions should be considered. First, the sample size used in this study was relatively small and attrition of 33.6% was observed for the data collection at the year-seven visit. A larger sample would allow differentiating insecure attachment groups into insecure-avoidant, insecure-ambivalent/dependent, and insecure-disorganized subgroups. A more representative sample from the disorganized group could lead to stronger identifiable associations with TL since children exhibiting an insecure-disorganized attachment style appear to be at greater risk for dysfunctional outcomes and genome-wide DNA methylation (Fearon et al., 2010; Garg et al., 2018). Nevertheless, the combination of a general insecure attachment subtype is extensively acknowledged as a risk factor grounded by previous work (e.g., Van Bakel and Riksen-Walraven, 2004; O’Connor and McCartney, 2007; Roque et al., 2012; Rispoli et al., 2013; Bernier et al., 2015; Johnson et al., 2018). Additionally, the replication of our findings with larger samples with varying levels of risk is relevant since our results are based on a relatively well-schooled and low-risk sample. This is in line with large evidence that has shown that attachment is a moderator of the effects of early life adversity, such as poverty, exposure to violence, and neglect (Siqueira et al., 2006; McLaughlin et al., 2015; Dagan et al., 2018; Johnson et al., 2018; Measelle and Ablow, 2018).

In summary, the findings of the present study extend to the preschool period evidence to the existing literature on the detrimental effects of insecure attachment as an aggravator of the physiological effects of stress with the increase of cortisol release associated with the Strange Situation Experiment emotional reaction. At the behavioral level, the insecure attachment was significantly associated with poorer neurodevelopment BSID scores, emphasizing the importance of early child-caregiver interactions for the attainment of early cognitive abilities that are predictive of complex cognitive function and learning in later development. The associations of insecure attachment with poor neurodevelopment and higher levels of overall cortisol highlight the importance of this precursor of early social development. Although we did not observe a significant association with TL, prevention and intervention policies that promote secure attachment patterns in early life are more likely to obtain promising effects on several health domains (Dozier et al., 2008; Newman et al., 2015; Julian et al., 2018). A wider understanding of the consequences of the attachment behavioral system is expected to ground caregiving practices and help to inform health and educational settings at multiple levels.
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Family income was measured by a 17-point scale ranging from 0 (“no revenue”) to 17 (“at least 100,000 Can$ per year”).

Maternal education was measured by a four-point scale (1 = “high school diploma or less”; 2 = “some community college”; 3 = “completed community college or some university”; and
4 = “University degree or higher”).

CESD, Center for Epidemiologic Studies Depression Scale; BSID, Bayley Scale of Infant Development; AUCg, ground Area Under the Curve.

*p < 0.05,**p < 0.001.
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Secure Insecure ?P Cohen’s d Secure Insecure ?P Cohen’s d
MorN MorN MorN MorN
(SD or %) (SD or %) (SD or %) (SD or %)
Maternal education! 0.352 0.18 0.798 —0.06
High school diploma 3(4.92) 3(6.52) 4(10.26) 6 (18.75)
or less
Some community 4(6.56) 7(15.22) 0(0) 0 (0)
college
Complete 21 (34.43) 13 (28.26) 16 (41.03) 7 (21.88)
community college
or university
University degree 33 (54.1) 23 (50) 19 (48.72) 19 (59.38)
Family income! 0.108 0.32 0.325 —0.24
$15,000 or less 2(3.28) 2(4.35) 0 (0.00) 2 (6.45)
Between $15,000 and 7 (11.48) 14 (30.43) 6 (15.38) 5(16.13)
$40,000
Between $40,000 and 19 (31.15) 12 (26.09) 11 (28.21) 9 (29.03)
$80,000
Between $80,000 and 33 (54.1) 18 (39.13) 22 (56.41) 15 (48.39)
$100,000
CESD depression 1043 (10.15) 12.85 (10.01) 0.225 0.24 9.87 (11.19) 13.19 (11.19) 0.209 031
score
BSID 102.55 (8.85) 97.32 (13.67) 0.02 047 103.87 (6.76) 98.38 (6.76) 0.038 —0.51
neurodevelopment
score
Cortisol 20-min pre 42 (5.57) 4.85 (5.05) 0.538 0.12 458 (6.9) 47 (6.9) 093 0.02
Cortisol 20 min post 3.41 (4.26) 3.66 (1.83) 0.719 0.07 3.78 (5.28) 3.49 (5.28) 0.766 —0.07
Cortisol 40 min post 358 (3.36) 4.08 (2.67) 0.406 0.16 3.98 (4.09) 439 (4.09) 0.64 0.11
Cortisol 60 min post 356 (1.97) 423 (224) 0.104 0.32 3.79 (2.25) 441 (2.25) 0.264 027
Cortisol AUC,? 5.53 (0.05) 5.72 (0.06) 0.033 043 558 (0.07) 5.72 (0.08) 0214 031

P values are based on independent samples Student’s ¢ tests.
Variables were categorized for sake of description.
2Mean-adjusted values for maternal education and household income, values in parenthesis depicts standard errors. Cohen’s d: Cohen (1992) measure of effect size.
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