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A LONGITUDINAL STUDY ON ATTACHMENT INSECURITY AND CHRONIC STRESS

Abstract
Previous research found a relation between attachment insecurity and negative behavioural
outcomes as well as physiological processes. This study further investigated these relations by
examining whether insecure attachment is linked to markers of chronic stress, e.g. telomere
length and cortisol in hair, and whether self-regulation skills play a moderating or mediating
role in this relation. In an ongoing longitudinal study on healthy children (N=193), attachment
style was measured by the Strange Situation Procedure at age 1, and self-regulations skills
were assessed by behavioural tests at age 2.5 years and age 6 years. Hair cortisol and telomere
length were assessed at age 10. Structural equation models showed that — contrary to
expectations - securely attached children had significantly shorter telomeres compared to
insecurely attached children. Attachment insecurity was not significantly associated to hair
cortisol concentrations. Self-regulation skills did not mediate the association between
attachment style and telomere length or hair cortisol. A model with self-regulation skills as
moderator could not be fitted. Future research should attempt to replicate these findings and
study possible mechanisms underlying the link between secure attachment style and shorter

telomere length.
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A Longitudinal Study on Attachment Insecurity and Chronic Stress:
The Role of Self-Regulation

Numerous studies have found evidence that the attachment style in children is associated with
behavioural outcomes. For instance, being securely attached has been linked to positive
behavioural outcomes (Rasmussen et al., 2018; Groh, Narayan, Bakermans-Kranenburg,
Roisman & Vaughn, 2017; Ward, Clayton, Barnes & Theule, 2018; Allen, Moore, Kuperminc
& Bell, 1998; Riggs, 2010; Orehek, Vazeou-Nieuwenhuis, Quick & Weaverling, 2017)
whereas being insecurely attached has been linked to negative behavioural outcomes (Ward et
al., 2018; Allen et al., 1998; Riggs, 2010; Ogilvie, Newman, Todd & Peck, 2014; Savage,
2014; Madigan, Atkinson, Laurin & Benoit, 2013; Zegers, Schuengel, Van ljzendoorn &
Janssens, 2008; Cooper, Shaver & Collins, 1998). Recent research indicated that this process
might also get “under the skin”, thus, chronic physiological stress might underlie these
behavioural problems (Luijk et al., 2010; Belsky, Houts & Fearon, 2010; Dagan, Asok,
Steele, Steele & Bernard, 2018; Murdock, Zilioli, Ziauddin, Heijnen & Fagundes, 2018).
However, most studies relating attachment to stress focused only on adults or on acute stress
situations instead of on chronic stress (Quirin, Pruessner & Kuhl, 2008; Kidd, Hamer &
Steptoe, 2013; Smyth, Thorn, Oskis, Hucklebridge, Evans & Clow, 2015).

Hence, to date it is uncertain whether this association arises in children already. It s,
however, a relevant developmental question as it may explain the aetiology of later health
problems. Therefore, the main goal of this study was to examine if attachment is associated
with chronic stress. Examining the relation between attachment and chronic stress early in the
life of children is of major importance because chronic stress is known to have detrimental
effects for the physical and mental health of a person in the long-term, such as cardiovascular
diseases, gastrointestinal diseases, obesity, depression and even a shorter life expectancy
(Gouin, 2010; Epel et al., 2004). Therefore, assessing factors that contribute to the

development of chronic stress in childhood can inform the development of early interventions,
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such as an attachment security intervention (Tarabulsy et al., 2008), to prevent the detrimental
effects of chronic stress throughout the life.

To assess chronic stress, telomere length and hair cortisol will be examined. Both are
biomarkers of chronic stress that so far have only scarcely been investigated in children,
making them innovative and novel biomarkers. Telomeres are DNA-protein complexes that
form “caps” at the end of chromosomes to protect them from degenerating or fusing. With
each cell division, telomeres shorten due to incomplete replication (Coimbra Messina,
Carvalho Muniz, Moretti Natalia, Mello Feijo & Belangero, 2017). Research indicates that the
shortening of telomeres is accelerated in response to stress (Epel et al., 2004; Shalev et al.,
2013; Coimbra Messina et al., 2017) making it a measurable biomarker of chronic stress.
Cortisol is a glucocorticoid released by the adrenal cortex by stimulation of the hypothalamic-
pituitary-adrenal (HPA) axis. In stressful conditions, higher amounts of cortisol are released
because the glucocorticoid supports bodily processes involved in coping with a stressor. Free,
unbound cortisol can then be found back in human hair (Staufenbiel, Penninx, Spijker,
Elzinga & van Rossum, 2013; Russell, Koren, Rieder & Van Uum, 2012). Cortisol levels in
hair, that can be analysed on a month-to-month basis, provide insight about chronic stress
during a defined time period (Russell et al., 2012; Ouellette, Kryski, Sheikh, Koren &
Hayden, 2015).

Besides assessing whether attachment is indeed linked to biomarkers of chronic stress,
the second aim of this study was to examine possible moderating or mediating mechanisms in
this relationship. Within attachment theory, self-regulation is often found to be related to
attachment security (Orehek et al., 2017; Madigan et al., 2013; Cooper et al., 1998). Self-
regulation does include the ability to inhibit or override your behaviour to act in line with
more appropriate or subdominant behaviours (Goldsmith, 1996; Kochanska, Murray, Jacques,
Koenig & Vandegeest, 1996). Two contradicting models, about how the measured self-

regulation skills might play a role in the association between attachment and biomarkers of
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chronic stress, are likely:

Firstly, a mediation model is possible, wherein self-regulation skills mediate the
relation between attachment and biomarkers of chronic stress. In early childhood, children are
less proficient in regulating themselves. The caregiver aids the child by externally regulating
the child’s emotions. Over time, children internalize the regulation processes and learn to
regulate themselves. In insecurely attached children, the caregiver fails at consistently
regulating the child, which interferes with this learning process (Bowlby, 1988; Cassidy &
Shaver, 2016). Insecure attachment is thus more likely to lead to deficient self-regulation
skills which further leads to repeated exposures to stress because the child lacks the “tools” to
adequately regulate him or herself. Past studies have shown that regulatory skills can mediate
a relation between attachment and behavioural outcomes, such as depressive symptoms, self-
harm, well-being and peer competence (Malik, Wells, & Wittkowski, 2015; Karreman, &
Vingerhoets, 2012; Cronin, Pepping & Donovan, 2018; Contreras, Kerns, Weimer, Gentzler
& Tomich, 2000; Kimball & Diddams, 2007). In sum, self-regulation skills might be
primarily shaped by the attachment to the first caregiver, often the mother, and in turn
influence the physiological stress system, mediating the potential relation between attachment
and biomarkers of chronic stress.

Secondly, a moderation model is possible, wherein a diversity of socio-environmental
and temperamental factors leads to the development of child self-regulation skills, which then
moderate the relation between maternal attachment and biomarkers of chronic stress. Children
may develop secure attachment bonds with other important persons, e.g. grandparents or
caregivers in childcare (Ainsworth, 1985). Temperament might also contribute to the
development of regulating skills (Gresham & Gullone, 2012). Research suggested that a
relation between attachment and physiological symptoms of acute stress was moderated by
inhibitory behaviour of toddlers (Nachmias, Gunnar, Mangelsdorf, Parritz & Buss, 1996).

Also, the relation between maternal behaviour and regulatory problems of a child has been



A LONGITUDINAL STUDY ON ATTACHMENT INSECURITY AND CHRONIC STRESS

shown to be moderated by the quality of childcare: thus, high-quality childcare might promote
the development of self-regulation skills despite a non-optimal bond with the primary
caregiver (Goelman, Zdaniuk, Boyce, Armstrong & Essex, 2014). Hence, despite an insecure
attachment to the mother, regulation skills might function as a buffer between attachment and
behavioural as well as physiological outcomes.

In sum, this study investigated whether there is a relation between insecure attachment
and biomarkers of chronic stress, e.g. telomere length and hair cortisol. The second aim was
whether and what kind of role is played by self-regulation in the relation between attachment
and biomarkers of chronic stress. By using the Bayesian information criterion (BIC), a
commonly used fit index for model comparison, a mediation and a moderation model were

compared.

Self-Regulation
at Age 2.5 and atAge 6

Attachment Style Chronic Stress
atAge 1 atAge 10

Figure 1. Mediation model describing the association between attachment style and biomarkers of chronic stress
as mediated by self-regulation skills at age 2.5 and age 6.

Self-Regulation
at Age 2.5 and atAge 6

Attachment Style Chronic Stress
atAge 1 at Age 10

Figure 2. Moderation model describing the association between attachment style and biomarkers of chronic
stress as moderated by self-regulation skills at age 2.5 and age 6.
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Methods

Participants

This study was part of the ongoing longitudinal project “BIBO” (‘Basale Invloeden op
de Baby Ontwikkeling’; English: basal influences on child development). Participants were
healthy mothers with their children. The pregnant mothers were recruited in the Netherlands
(region Arnhem & Nijmegen) through midwife practices. Of the originally recruited 220
participants, 193 met the inclusion criteria which were: Dutch language fluency, no drug use,
no current physical/mental health problems, uncomplicated singleton pregnancy and a five-
minute infant Apgar score of 7 or higher (Beijers, Jansen, Riksen-Walraven & de Weerth,
2010; 2011). The mothers and their children have been followed extensively over almost 13
years. Ethical approval was obtained from the Ethics Committee of the Faculty of Social
Sciences (ECSS) according to the Helsinki Declaration. All participating mothers provided
informed consent. The mean age of the mothers at inclusion was 32.5 (SD = 3.8). Four
percent of the mothers finished primary education, 20 % secondary education and 76 %
finished college or university. Almost half of the children (46%) are female (Beijers, Riksen-
Walraven, Putnam, de Jong & de Weerth, 2013).
Procedure

At age 1, children and their mothers were invited to the lab and were guided through
the Strange Situation Procedure (SSP) (Ainsworth & Bell, 1970). At age 2.5, self-regulation
skills of the children were tested during a home visit. At age 6, the children were visited at
school. In a research van, three behavioural tests were conducted to measure self-regulation.
At age 10, buccal swab samples were collected from the children during a home visit to
collect DNA material for measuring telomere length. Further, hair was cut and collected for
the cortisol samples.
Measures

Attachment Style. Attachment at age 1 was measured by the SSP (Ainsworth & Bell,
7
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1970) at the lab at the Radboud University in Nijmegen. The SSP was video-recorded and
behaviour of the child upon return of the mother was coded as A = insecure-avoidant, B =
secure, C = insecure-resistant or D = disorganized by a blind coder. Based on a subset of 46
infants, inter-rater reliability was good (Cohen’s k = 0.82). To increase power, the categories
were collapsed into the dichotomous distinction secure vs. insecure attachment wherein
insecure included the categories A, C and D.

Self-regulation at Age 2.5. Inhibitory control of the toddlers at age 2.5 was measured
by three tests: Snack Delay, Gift Wrap and the Whisper Task (Kochanska et al., 1996; Beijers
et al., 2013). Reliability was quantified by the Intraclass Correlation Coefficient, which was
.98 for the Snack Delay task, .82 for the Gift Wrap and .96 for the Whisper Task (Beijers et
al., 2013).

Snack Delay. (Kochanska et al., 1996). A placemat with pictures of hands was
presented in front of the children. They were asked to put their own hands on the pictures. At
the top of the placemat, a self-chosen treat was put underneath a transparent plastic cup. The
child was asked to not pick up the cup and eat the candy until the experimenter allowed it by
ringing a bell. Before the actual test of four consecutive trials, practice trails were conducted
to ensure that the toddler understood the task. In the four trials, the children had a delay time
of 10, 20, 30 and 15 seconds, respectively. The behaviour of the child was coded every five
seconds. Scores from 0 to 4 (0 = eats treat before bell rings, 1 = touches treat before bell
rings, 2 = touches cup before the bell rings, 3 = waits for the bell but without having the
hands on the place mat; 4 = waits for the bell with hands on the placemat) were given.

Gift Wrap. (Kochanska et al., 1996). In this test, the experimenter told the child that he
or she would get a gift. However, because the gift was not wrapped yet, the child was asked to
hide his or her eyes by putting the hands on them and to wait until the gift was wrapped. For
one minute, the experimenter wrapped the gift noisily. Coding of the child’s behaviour

occurred every 10 seconds using a 4-point scale (0 = watches gift, 1 = peeks, 2 = looks away
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from the gift, 3 = closed eyes/hands covering the eyes).

Whisper Task. Twelve pictures of animals were presented consecutively after two
practice trails. The child had to whisper the names of the animals. The child’s behaviour was
coded on a 3-point scale (0 = shout, 1 = normal or mixed tone, 2= whisper). Mean scores were
used, and non-responding was coded as missing (Kochanska et al., 1996).

Self-regulation at Age 6. Self-regulation was measured at age 6 by the following
tasks: Go/No-Go Task, Stroop Task and Eisenberg’s Puzzle Box Task — subsequently called
Go/No-Go, Stroop and Puzzle Box.

Go/No-Go. A modified version of the Go/No-Go task was employed. The classic
Go/No-Go task measures the ability to differentiate between ‘go’ and ‘no-go’ stimuli as well
as to inhibit the automatic response. The modified version was computerized and consisted of
two parts (each 30 trials), with differing difficulty levels of stimuli (laboni, Douglas, & Baker,
1995). Coloured squares and triangles were used as stimuli in the first part. The yellow
triangle was labelled as the no-go stimulus. In the second part, line drawing of squares and
triangles were used, with the triangle around a vertical line labelled as the no-go stimulus. The
child had to press the spacebar when encountering a go stimuli and inhibit the response when
seeing a no-go stimulus. The outcome variable of this test was the number of commission
errors. From the two possible errors, omission errors when not responding to a go trial and
commission errors when responding to a no-go trial, the number of commission errors
implicates the level of inhibitory control of the child (Brocki, Nyberg, Thorell & Bohlin,
2007).

Stroop. The classic Stroop paradigm entails a conflict between an automatic and a
novel learned response. An adapted version of the classic Stroop task, wherein children had to
name the opposite of the presented stimuli, was used for this study (Gerstadt, Hong &
Diamond, 1994). In 48 trials, four pairs of contradicting stimuli were randomly presented on a

computer screen. After the first half of trials, the duration of stimulus presentation and pause
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between trials was changed: trials appeared faster and there were shorter pauses between the
trials.

Puzzle Box. Children’s inhibitory control was also assessed by a behavioural task
wherein children were asked to complete a puzzle (Eisenberg et al., 1997). The puzzle was
inside a transparent box and one side was covered with a cloth. Children were not allowed to
see the puzzle pieces, they had to put their arms through the cloth and try to solve the puzzle
without looking. The cloth could be lifted by the child — which was coded as cheating
behaviour. Children were told to solve the puzzle without looking within a time frame of four
minutes. Proportion scores were computed of the time cheating compared to the time working
on the puzzle with higher scores indicating less self-regulation abilities. Inter-rater reliability
was good (94% agreement, kappa = 0.86).

Control Variables. Gender of the children was assessed at birth by a self-report
questionnaire from the mother. The educational level of the mother was assessed by self-
reports of the mother (ranging from 1 = Primary Education to 8 = University).

Telomere Length. When the children were ten years old, three buccal mucosal brush
samples (MasterAmp Buccal swabs) were collected. The samples were stored at -80 degrees
Celsius until being sent to the Duke University (United States) for telomere length assays. The
validated quantitative-PCR method that assesses the mean telomere length across all cells and
all chromosomes was used to assess telomere length (Cawthon, 2002). The length of
telomeres examined in the study was the ratio of the telomeric repeat region (T) to a single-
copy gene (in this assay: single copy gene 36B4) (S). Two PCR reactions were carried out for
each subject: one for the telomeric repeat region (T) and one for the 36B4. The T/S ratio of
the subjects was computed utilizing the formula T/S=2~( [Ct] _36B4)/2~( [Ct] _Telo).
(For a more detailed explanation of the formula and a description of the analysis process, see

Cawthon, 2002).

Hair Cortisol. Hair samples were collected from 93 of the 158 children that
10
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participated at age ten. Missingness occurred predominantly due to the prerequisite that the
hair had to be at least three cm long, which was not the case for many boys. Three mm
(thickness) of hair was cut from the back of the head (near the scalp). The samples were
stored in closed envelopes in a cabinet until sent to the laboratory (Dresden LAB Service
GmbH). In one segment, concentrations of cortisol, cortisone, progesterone, testosterone and
DHEA were assayed for the three cm closest to the scalp. In this study, only cortisol was of
interest and therefore used. Non-detectable cortisol levels (< 0.2 pg/mg) were set to a value of
0.1 pg/mg.
Data Analysis

Data was analysed utilizing R (version 3.4.2, R Core Team, 2017). Prior to the
hypotheses testing, descriptive statistics and correlations of all study variables were obtained.
Spearman correlations between the self-regulation measures at age 2.5 and at age 6 were
assessed to check whether they could be combined to avoid collinearity, however, they did
not correlate sufficiently (< .3, see Table 3). Hence, due to violation of assumptions, a
principal component analysis could not be computed, and a latent variable could not be
created for self-regulation (see Appendix A for detailed information on the assumption testing
for principal component analysis). Therefore, the measures of self-regulation at age 2.5 and at
age 6 were taken into the analysis separately. Structural equation models (SEM) were
employed to investigate the hypotheses. The study was preregistered at

https://aspredicted.orq/.

Data Preparation. First, normality of the variables was assessed. To determine
skewness and kurtosis, a z-score divided by two standard errors larger than one was used as
cut-off score (in accordance with Field, Miles & Field, 2012). Skewed and/or kurtosed
variables were subjected to transformations (square-root transformation, squaring of variables
or reciprocal transformation; log-transformation was not possible due to zero-values in the

dataset). However, transformations were unable to normalize all variables (see Appendix B
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for a table of skewness and kurtosis value per variable before and after transformation).
Therefore, the original variables were used in combination with a robust estimator which is
known to account for non-normal distributed data (Tabachnick & Fidell, 2014). Extreme
values (> 3 standard deviations above/below standardized mean) were inspected to determine
outliers. The outliers (Telomere Length = 3 outliers, Hair Cortisol = 1 outlier, Puzzle Box = 2
outliers, Gift Wrap = 5 outliers, Snack Delay = 4 outliers, Stroop = 2 outliers and Go/No-Go
= 2 outliers) were winsorized to limit the influence of any extreme value (in accordance with
Hastings, Mosteller, Tukey & Winsor, 1947).

Missing Data. Originally, 193 parent-child dyads were in the sample. In this study,
the sample was reduced to 189 because of four complete missing cases for all study variables.
Complete data was available for 68 cases. Table 1 shows the number of complete cases per

variable and number of missing from the total sample size.

Table 1

Sample Size and Number of Missing Cases per Variable

Variable N Number missing
Gender 189 0
Educational Level Mother 189 0
Attachment 183 6
Snack Delay 179 11
Gift Wrap 175 15
Whisper Task 181 9
Go/No-Go 145 44
Stroop 148 41
Puzzle Box 136 53
Telomere Length 160 29
Hair Cortisol 93 96

The LittleMCAR test from the BaylorEdPsych package (Beaujean, 2012) was used to
statistically test whether missingness occurred completely at random (MCAR). The
hypothesis that data is MCAR could not be rejected, (X? (234) = 260.95, p = .11). When data

is MCAR, multiple imputation is known to give unbiased estimates and standard errors which
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is why multiple imputation will be used this study (De Goeij et al., 2013).

Main Analyses. For all analyses, Structural Equation Models (SEM) were employed.
Full information maximum likelihood was used to include all data in the model estimation.
Moreover, the Yuan-Bentler scaled Chi-square estimator with Huber-White covariance
adjustment to the standard errors of each parameter estimate was used due to non-normally
distributed data. The lavaan statistical package (Rosseel, 2012) was utilized to examine the fit
of the models. Also, bootstrapping was used to obtain bias-corrected confidence intervals.

Standard errors could not be bootstrapped due to the utilization of multiple imputation.

Results
Descriptive Analyses
Of the 189 children, attachment style was known for 183. Of those, 56 children
(30.6%) showed an insecure attachment style, whereas the other 127 (69.4%) were securely

attached. Descriptive statistics of all continuous study variables are depicted in Table 2.

Table 2

Descriptive Statistics of the Study Variables

N M SD Range

Self-regulation
Age 2.5

Snack Delay 183 3.25 0.67 0-6

Gift Wrap 178 0.55 0.65 0-3

Whisper Task 184 1.54 0.49 0.17-2
Age 6

Go/No-Go 145 4.26 2.88 0-15

Stroop 148 5.51 3.78 0-20

Puzzle Box 136 0.17 0.22 0-0.92
Biological Measures Age 10

Hair Cortisol (pg/mg) 93 4.52 15.47 0.1-145.8*

Telomere length (T/S-ratio) 160 0.62 0.33 0.02-1.75

Note. M = Mean, SD = standard deviation; * range of values in accordance with other studies (e.g. O’Brien, Tronick &
Moore, 2013; Ouellette et al., 2015)

13
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Correlational Analysis

Bivariate correlations (Spearman) between all variables were computed (Table 3). The
self-regulation variable Gift Wrap correlated positively with the Snack Delay (r = .23, p <
.05) and Whisper Task (r =.20, p <.05). The only other significant correlations occurred

between attachment and telomere length (r = -.19, p <.05).

Table 3

Bivariate Correlations of all Study Variables

@ () ©) (4) Q) (6) Y] ®) ©)

(1) Attachment? 1
Age 2.5 Self-Regulation
(2) Snack Delay .04 1
(3) Gift Wrap -11 23* 1
(4) Whisper Task -.07 .09 .20* 1
Age 6 Self-Regulation
(5) Go/No-Go 12 -.04 -12 -.06 1
(6) Stroop .04 -.05 -.08 =11 .06 1
(7) Puzzle Box -.07 -.15 .05 -.06 -.02 .07 1
(8) Hair Cortisol -.06 -.15 -.09 -.10 .03 .09 19 1
(9) Telomere Length -19* .08 A1 -.03 -.05 -.06 07 -.10 1

Note. * = significant at p < .05 level, Attachment with the levels O=insecure, 1=secure

Mediation Analysis

A mediation model was used to test the association between attachment at year one
and biomarkers of chronic stress (telomere length and hair cortisol) as mediated by self-
regulation abilities at age 2.5 and/or age 6. Additionally, gender of the child and educational
level of the mother were included as control variables. For the inclusion of all variables into
one model, power of the study was insufficient (considering a = .05 and N = 189, power was
d =.5). Running six separate SEMs with one self-regulation measure as mediator included in
each model was also not possible as no adequate model fit could be reached (handling the

goodness of fit indices of CFI > .95, RMSEA < .05, SRMR < .05 and a non-significant X 2 (p
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<.05)) . Therefore, the decision was made to employ two separate SEMs, one including the
three self-regulation measures at age 2.5 (subsequently called age 2.5 model) and one
including the three self-regulation measures at age 6 (subsequently called age 6 model). Based
on modification indices, the initial age 2.5 model was adjusted four times and the initial age 6
model was adjusted once to reach an adequate fit. In each modification step, the highest
modification index that was theoretically logical was included in the previous model to
improve model fit. The fit indices of all models are presented in Table 4. In the final models,
all goodness of fit measures indicated an adequate fit of the model (Tabachnick & Fidell,

2014).

Table 4

Goodness of Fit Indices of all Mediation Models

CFI RMSEA SRMR X?
Age 2.5 Model
(1) Initial model 316 .094 .066 X2(12) = 31.94, p < .001
(2) 2" model 587 076 056 X2(11) = 23.05, p = .017
(3) 3 model .808 .054 .046 X2(10) = 15.61, p = .111
(4) 4" model 931 034 039 X2(9) = 11.02, p=.275
(5) 5" model .999 .001 .031 X2(8) =7.78, p = .455
Age 6 Model
(1) Initial model 646 044 .052 X?(12) = 16.45,p = .171
(2) 2" model .999 .001 042 X2(11) = 10.54, p = .483

Note. Adjustments to the Age 2.5 model: (2) Covariance between Snack Delay and Gift Wrap; (3) 2" model and covariance
between Gift Wrap and Whisper Task; (4) 39 model and Snack Delay regressed on gender; (5) 4" model and Whisper Task
regressed on gender;

Adjustments to the Age 6 model: (2) puzzle box regressed on gender

CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean
Square Residual

Parameter estimates and bootstrapped confidence intervals of the mediation models
are depicted in Table 5 and Table 6. Illustrations of the models, including unstandardized
estimates, can be seen in Figure 4 and Figure 5, respectively.

Attachment style at age one significantly predicted the length of telomeres at age 10,
15
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in the age 2.5 mediation model (b =-0.129, 95% CI [-0.233, -0.025]) as well as in the age 6
mediation model (b =-0.126 , 95% CI [-0.230, -0.023]) indicating that attachment style at age
one is associated with biomarkers of chronic stress. Contrary to the expectations, the insecure
attachment style was associated with a longer relative length of telomeres, as indicated in

Figure 3.
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Figure 3. Boxplot representing differences between attachment styles in the length of telomeres.

No significant direct paths between attachment style and hair cortisol were found, indicating
that attachment style in the first year of life appears not to be related to current stress levels at
age 10. No partial mediation by self-regulation skills at age 2.5 or at age 6 was found (all
indirect effects were non-significant).

Regarding the direct effects between attachment style and self-regulation skills,
attachment did neither predict any self-regulation skill at age 2.5 nor at age 6. With regard to
the direct effects between self-regulation skills and biomarkers of chronic stress, self-
regulation skill at age 2.5 and at age 6 did not predict the length of telomeres or hair cortisol
levels. In the age 2.5 model, gender was significantly associated with hair cortisol (b =-1.837,
95% CI [-3.551, -0.123]) with the level of cortisol in the hair of females being lower than in

boys. Gender was also significantly associated with Snack Delay: girls had higher scores on
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the Snack Delay Task compared to boys (b = 0.167, 95% CI [0.007, 0.327]). In the age 6
model, gender was significantly associated with hair cortisol (girls having lower levels of hair
cortisol) (b =-1.674, 95% CI [-3.280, -0.067]) and Puzzle Box with girls having a lower score
on the Puzzle Box Task compared to boys (b = -0.080, 95% CI [-0.144, -0.015]).

The age 2.5 model explained 7.3% of the variance in telomere length, 11.3% of the
variance in hair cortisol and 2.3%, 0.8% and 2.2% of the variance in the self-regulation skills
Snack Delay, Gift Wrap and Whisper Task, respectively. The age 6 model explained 4.8% of
the variance in telomere length, 11.7% of the variance in hair cortisol and 2.0%, 0.5% and
4.2% of the variance in the self-regulation skills Go/No-Go Task, Stroop Task and Puzzle
Box, respectively. The high number of explained variance by hair cortisol came from gender
significantly predicting hair cortisol which was in turn influenced by the high amount of

missingness of male data for hair cortisol (of N = 93, 64 were female and 29 male).

Snack Delay
atAge 2.5

Gift Wrap S
atAge 2.5 o

=10 A7 | Whisper Task

atAge 2.5 e i0Bkmeenel s e e
Telomere Length
5 13 at Age 10
Attachment Style |-~
atAge 1
R Hair Cortisol
at Age 10

Educational Level

Gender Mother

Figure 4. Final structural equation model describing the association between attachment style at the age of one
and biomarkers of chronic stress (telomere length and hair cortisol) at the age of ten, as mediated by self-
regulation skills at the age of 2.5 (Snack Delay, Gift Wrap, Whisper Task). Gender of the child and educational
level of the mother were included to control for confounding effects. Unstandardized estimates are presented.
Only significant paths (p < .05) are depicted in solid lines. Variances and covariances were calculated but not
depicted.
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Figure 5. Final structural equation model describing the association between attachment style at the age of one
and biomarkers of chronic stress (telomere length and hair cortisol) at the age of ten, as mediated by self-
regulation skills at the age of six (Stroop, Go/No-Go, Puzzle Box). Gender of the child and educational level of
the mother were included to control for confounding effects. Unstandardized estimates are presented. Only
significant paths (p < .05) are depicted in solid lines. Variances and covariances were calculated but not

depicted.

Table 5

Parameter Estimates and bootstrapped Confidence Intervals for the Final Model at Age 2.5

B SE Lower  Upper R
Cl Cl
Regression Paths
Snack Delay
Attachment Style (al) 0.050 0.090 -0.126  0.225 0.040
Gender 0.167 0.082 0.007 0.327 0.147
Gift Wrap
Attachment Style (a2) -0.098  0.084 -0.263  0.067 -0.087
Whisper Task
Attachment Style (a3) -0.075  0.075 -0.221  0.071 -0.071
Gender 0.125 0.069 -0.011  0.261 0.129
Telomere Length
Attachment Style (c1) -0.129  0.053 -0.233  -0.025 -0.210
Snack Delay (b1) 0.025 0.042 -0.058  0.108 0.050
Gift Wrap (b2) 0.073 0.045 -0.015 0.161 0.134
Whisper Task (b3) -0.056  0.049 -0.153  0.041 -0.096

18



A LONGITUDINAL STUDY ON ATTACHMENT INSECURITY AND CHRONIC STRESS

Gender -0.012  0.045 -0.100  0.076 -0.021
Educational Level Mother -0.003  0.014 -0.031  0.025 -0.017
Hair Cortisol
Attachment Style (c2) -1.131  0.840 -2.778  0.515 -0.145
Snack Delay (b7) -0.189  0.720 -1.600  1.222 -0.030
Gift Wrap (b8) -1.022  0.698 -2.389  0.345 -0.148
Whisper Task (b9) -0.164  0.825 -1.780  1.453 -0.022
Gender -1.837  0.875 -3.551  -0.123  0.029
Educational Level Mother 0.072 0.355 -0.624  0.767 -0.255

Indirect Effects
Attachment Style > Snack Delay - Telomere Length 0.001 0.003 -0.005  0.007 0.002

Attachment Style > Gift Wrap - Telomere Length -0.007  0.008 -0.023  0.008 -0.012
Attachment Style - Whisper Task - Telomere Length 0.004 0.006 -0.007  0.016 0.007
Attachment Style - Snack Delay - Hair Cortisol -0.009  0.040 -0.088  0.069 -0.001
Attachment Style - Gift Wrap - Hair Cortisol 0.100 0.114 -0.123  0.323 0.013
Attachment Style > Whisper Task - Hair Cortisol 0.012 0.064 -0.114  0.139 0.002

Note. X2(8) = 7.78, p = .455; CFI = .999, RMSEA = .001, SRMR = .031
Results based on N=189, MLR estimator used to calculate parameter estimates, bootstrapping used to calculate bias-corrected
confidence intervals.

Table 6

Parameter Estimates and bootstrapped Confidence Intervals for the Final Model at Age 6

B SE Lower  Upper R
Cl Cl
Regression paths
Go/No-Go
Attachment Style (a4) 0.800 0.412 -0.008  1.608 0.141
Stroop
Attachment Style (a5) 0.527 0.573 -0.595  1.650 0.072
Puzzle Box
Attachment Style (a6) -0.017  0.037 -0.089  0.054 -0.041
Gender -0.080  0.033 -0.144  -0.015 -0.201
Telomere Length
Attachment Style (c1) -0.126  0.053 -0.230 -0.023  -0.205
Go/No-Go (b4) -0.004  0.009 -0.022  0.015 -0.033
Stroop (b5) -0.001  0.007 -0.015 0.013 -0.007
Puzzle Box (b6) 0.050 0.138 -0.220  0.320 0.035
Gender -0.008  0.047 -0.100  0.084 -0.014
Educational Level Mother -0.004  0.015 -0.033  0.026 -0.018

Hair Cortisol
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Attachment Style (c2) -1.069  0.869 -2.772  0.634 -0.135
Go/No-Go (b10) 0.049 0.130 -0.205  0.303 0.035
Stroop (b11) -0.001 0.121 -0.238  0.235 -0.001
Puzzle Box (b12) 3.062 2.179 -1.209  7.332 0.166
Gender -1.674  0.820 -3.280 -0.067  -0.229
Educational Level Mother 0.104 0.322 -0.528  0.735 0.042
Indirect effects
Attachment Style > Go/No-Go - Telomere Length -0.003  0.008 -0.018 0.012 -0.005
Attachment Style > Stroop - Telomere Length 0.000 0.004 -0.008  0.007 0.000
Attachment Style = Puzzle Box - Telomere Length -0.001  0.003 -0.007  0.005 -0.001
Attachment Style > Go/No-Go - Hair Cortisol 0.039 0.105 -0.166  0.245 0.005
Attachment Style > Stroop - Hair Cortisol -0.001  0.064 -0.125  0.124 0.000
Attachment Style - Puzzle Box - Hair Cortisol -0.054 0.114 -0.277  0.170 -0.007

Note. X3(11) = 10.54, p = .483, CFI=.999, RMSEA = .001, SRMR =.042
Results based on N=189, MLR estimator used to calculate parameter estimates, bootstrapping used to calculate bias-corrected
confidence intervals.

Moderation Analysis

A moderation model was used to test the association between attachment at year one
and biomarkers of chronic stress (telomere length and hair cortisol) as moderated by self-
regulation abilities at age 2.5 and/or age 6. Additionally, gender of the child and educational
level of the mother were included as control variables. To test moderation, interaction
variables had to be computed between attachment and each self-regulation measure.
Therefore, all moderation models were computed separately for each self-regulation measure.
It was not possible to reach an adequate model fit for any of the moderation models (see Table
3), as there were no theoretically sound modifications possible beyond gender predicting the
interaction between attachment and self-regulation (handling the goodness of fit indices of

CFI > .95, RMSEA < .05, SRMR < .05 and a non-significant X 2 (p < .05)).

Table 7

Goodness of Fit Indices of all Moderation Models

CFlI RMSEA SRMR X?

Age 2.5 Snack Delay
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(2) Initial model 136 101 .050 X?(3) =8.82, p<.032
(2) 2" model 575 .087 034 X2(2) = 4.86, p < .088
Age 2.5 Gift Wrap
(1) Initial model 368 101 048 X2(3) =8.83, p < .032
(2) 2" model 577 102 .037 X2(2) =5.90, p < .052
Age 2.5 Whisper Task
(1) Initial model 194 .087 045 X%(3) = 7.25, p = .064
(2) 2" model 543 .080 .035 X2(2) =4.41, p=.110
Age 6 Stroop
(1) Initial model 466 .055 .036 X*(3)=4.69,p=.196
(2) 2" model 276 .078 034 X2(2) = 4.30, p = .117
Age 6 Go/No-Go
(1) Initial model 277 .092 .052 X2(3) = 7.84, p = .049
(2) 2" model 481 .096 .040 X*(2) =5.48, p = .065
Age 6 Puzzle Box
(1) Initial model 161 .143 072 X?(3) =14.56, p =.002
(2) 2" model 849 074 039 X2(2) = 4.07, p = .130

Note. Adjustments to the models were the inclusion of gender as predictor of the interaction between attachment and the self-
regulation measure

CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean
Square Residual

Discussion

In this study, we investigated whether attachment style between the 1-year-old child
and its mother is associated with biomarkers of chronic stress (hair cortisol and telomere
length) at age ten. Furthermore, we examined whether self-regulation either mediated or
moderated the association between attachment and biomarkers of chronic stress. Contrary to
our hypothesis, insecurely attached children had longer telomeres at age ten compared to
securely attached children. Cortisol levels in the hair were not associated with attachment
style. In addition, self-regulation did not mediate the relation between attachment and
biomarkers of chronic stress. A possible moderation effect of self-regulation could not be
examined since the data was unsuitable for this statistical analysis. Several explanations will

be discussed regarding these findings.
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Attachment Style and Hair Cortisol Levels

The lack of association between attachment style and hair cortisol might be explained
by methodological limitations. In our sample, most male children had too short hair, so it was
only possible to obtain hair samples from approximately half of the sample. From these, 29
children were insecurely attached and 64 securely attached. Power calculations revealed that
there was insufficient power (d = .17) to detect a possible association between attachment
style and hair cortisol in a structural equation model (o= .05, N = 93, df = 12). This might
have prevented us from detecting any association between attachment and hair cortisol.
Previous research has found negative associations between the quality of parenting at the age
of three and hair cortisol concentrations at the age of seven (Ouellette et al., 2015). Also,
attachment style in adults was found to be related to cortisol responses to acute stress (Kidd et
al., 2013). Future research would profit from investigating the association between attachment
style and hair cortisol concentrations, as a proxy of chronic stress levels in the life of children.
Attachment Style and Telomere Length

Next, we found that the relative length of telomeres was associated with attachment
style - though in the opposite direction as hypothesized: insecurely attached children had
longer telomeres compared to securely attached children. We will consider several accounts
that might explain this unexpected result.

First, it is known that telomeres become shorter over the lifetime of an individual.
With each cell division, the replication of the DNA will terminate before the end is reached.
Based on this, one would expect that the shortening of telomeres is a rather linear process.
Yet, studies have shown that the relative length of telomeres can also be longer at a follow-up
measurement (Nordfjall et al., 2009; Ehrlenbach et al., 2009). One reason might be the result
of the activity of telomerase, a ribonucleo-protein that supports elongation and maintenance of
telomeres (Shalev et al., 2013). Genetics, but also environmental factors, such as health

behaviours influence the activity of telomerase (Coimbra et al., 2017; Shalev et al., 2013). In
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our study, telomerase might have been differentially active in the different groups of children,
but we did not account for this in the analyses. However, this does not explain why
telomerase would be more active in insecurely attached children compared to securely
attached children. Some research indicated that stress-induced release of cortisol may
decrease telomerase activity (Shalev et al., 2013), which would suggest that insecurely
attached children might have lower acute stress levels later in childhood.

Perhaps, insecurely attached children indeed have a lower rate of telomere loss.
However, this seems counterintuitive having in mind the negative impact of an insecure
attachment on subsequent behaviour (Ward et al., 2018; Allen et al., 2010; Ogilvie et al.,
2014; Savage, 2014; Madigan et al., 2013; Zegers, et al., 2008; Cooper et al., 1998). Then
again, our sample was comprised of healthy, highly educated families with a rather high
socio-economic status. Many of the children in past studies which related attachment to
adverse outcomes, have experienced relatively severe stressors in childhood (Riggs, 2010). It
is to be doubted that the children in our sample suffered from stressors such as severe neglect
or emotional abuse leading to an insecure attachment. There might have been rather mild
stressors related to the attachment relation early in life in these families.

The insecurity early in life due to mild stressors might have provided the children with
an early form of “resilience” since exposure to (mild) stressors early in life allowed them to
learn to deal with those stressors. Research confirmed that children differ in their ways to
integrate past (negative) experience into their self-concepts (Main, Kaplan & Cassidy, 1985).
Encountering mild stressors and dealing with them might have helped the children to
experience subsequent daily stressors as less stressful. The early learned resilience might have
functioned as a buffer preventing every-day stressors to get “under the skin”. This might have
left children that were insecurely attached at age one with telomeres showing less impact of
chronic stressors at age 10 compared to securely attached children. This is in line with the

stress inoculation hypothesis, which states that individuals who encounter manageable
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stressors early in life may be more “immune” to stress later in life. Research provides support
for this view: In one animal study by Hsiao and colleagues (2016), mice that were subject to
early life stress in the form of restricted bedding and nesting material showed less social
interaction deficits after chronic social defeat stress, improved stress coping behaviours in
stress tasks, and a decreased corticosterone response to acute restraint stress compared to the
control mice. Similarly, other studies have found that adversity early in life in rodents can
result in resilience against physiological and behavioural effects of chronic stress in adulthood
(Santarelli et al., 2017; Lyons, Parker & Schatzberg, 2010). Future studies should try to
replicate our findings and at the same time assess the severity of early life stressors to be able
to translate the findings from animal research to human studies.
Mediation between Attachment and Biomarkers of Chronic Stress by Self-Regulation
Lastly, none of the behavioural tasks aimed at measuring self-regulation skills
mediated the association between attachment and chronic stress. Previous research has
indicated that the performance on such tasks relies not only on self-regulation abilities but
also on additional factors such as attentional control and the theory of mind (Garon, Bryson &
Smith, 2008; Carlson, Moses & Claxton, 2004). Carlson et al. (2004) for example, found that
theory of mind performance in 3- to 4-year-olds significantly predicted their performance on
the Whisper Task but not on the Gift Delay task. This indicates that the theory of mind of the
children at age 2.5 rather than their attachment to the primary caregiver might have been
driving variations in self-regulation abilities as measured by the Whisper Task. Moreover,
attentional control has been found to be a prerequisite for successful performance on self-
regulation tasks (Garon et al., 2008). In order to examine whether attachment style is related
to self-regulation skills, future research should control for attentional control abilities and
theory of mind performance.
Limitations and Future Research

The current study has numerous strengths, including being one of only a few
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longitudinal studies with data across a decade of a lifetime in children, using observations of
behaviour instead of questionnaires or parental reports as well as combining physiological
measurements with behavioural measurements. Nevertheless, some limitations are also
present. Our sample did show a typical distribution across the four attachment categories.
Most children were securely attached which is why the other categories had to be collapsed
into one insecure attachment category. Associations between attachment style and behaviour
tend to depend on the specific attachment category. For instance, disorganized and anxious-
avoidant children but not anxious-resistant children have been found to display externalizing
symptoms, whereas anxious-avoidant but not anxious-resistant or disorganized children show
internalizing symptoms (Groh et al., 2012). In a review by Friedman and Boyle (2008), the
exact attachment category did matter in predicting later behaviour: Avoidant attachment was
associated with more aggression in children when interacting with friends, but anxious-
resistant attachment was related to less self-control and assertion in peer groups. Additionally,
social competence, cognitive skills and sleep have been found to differ across the four
attachment categories (Friedman & Boyle, 2008). Thus, the inability to test the hypothesized
associations for each attachment subtype must be considered a weakness of the current study.
Replication is needed in a larger sample comprised of children belonging to the different
attachment categories to be able to assess the unique contributions of each attachment subtype
to behavioural and physiological outcomes.
Conclusion

To conclude, we found no evidence for an association between attachment and hair
cortisol levels. Moreover, the association between attachment and biomarkers of chronic
stress was not mediated by self-regulation. Unfortunately, a moderation model could not be
fitted. Contrary to our hypothesis, securely attached children had shorter telomeres at age ten
compared to insecurely attached children. This unexpected result highlights the need for

future research to replicate this finding, to assess hair cortisol concentrations in a larger
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sample and to extend the research by including factors such as the exact attachment category,
the severity of stressors early in life and by determining telomerase activity additionally to

telomere length (see e.g. Epel et al., 2004).
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Appendix A
Assessment of the Component Structure of Self-regulation

Self-regulation was measured by six variables (three per age group of 2.5 years and 6
years) which should theoretically tap onto the same construct. First, correlations were
examined. Due to a low correlation between the measures (r < .30), a principal component
analysis was conducted to assess whether the measures represent an underlying component.
However, the PCA could not be computed. Reasons for this were (1) that the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy revealed that the sample size was barely
acceptable for a PCA (KMO = .53) and Bartlett’s test of sphericity showed that the variables
in the matrix are not correlated sufficiently (X2 (15) = 19. 78, p = .18). With a lack of
sampling adequacy and a lack of sufficient correlation, any principal component solution
would not be trustworthy (Field, Miles & Field, 2012). Therefore, the measures of self-

regulation could not be combined into one component.

37



A LONGITUDINAL STUDY ON ATTACHMENT INSECURITY AND CHRONIC STRESS

Appendix B
Table B1
Skewness per Variable before and after Transformation
No transformation Square-root transformation Squared variable Reciprocal transformation

Variable S/2SE K/2SE SI2SE K/2SE SI2SE K/2SE SI2SE K/2SE
Educational Level -3.66* 1.05 -4.62* 3.73* -2.62* -0.42 -19.78* 98.73*
Attachment 3.01* 0.44 1.97* 0.47 4.12* 1.06* -4.26* 6.50*
Telomere Length 0.02 -1.61* -1.37* -0.94 1.66* -1.15* -19.67* 88.21*
Cortisol 0.96 -1.27* 0.12 -1.58* 2.19* -0.11 -1.57* -1.35*
Stroop 2.55* 1.49* -0.75 0.45
Go/No-Go 2.03* 1.16* -1.48* 0.46 6.82* 12.59*
Puzzle Box 0.65 -1.62* -0.57 -1.71% 2.24* -0.54 -2.95*% -0.54
Snack Delay 0.05 -2.30* -0.61 -2.11* 0.98 -2.06* -11.53* 33.58*
Whisper -1.24* -2.14* -1.82* -1.47* -0.71 -2.46* -14.75* 55.51*
Gift Wrap 2.62* 0.81 0.43 -0.29

Note. * indicates significant skewness/kurtosis (skewness/2SE and/or kurtosis/2SE > 1, according to Field, Miles & Field, 2012). Best values in bold; log-transformation was not possible due to

zero-values in the dataset



