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Abstract
Children growing up in families experiencing socioeconomic disadvantage
(SED) are at greater risk for deficits in attachment and stress regulation as com-
pared to peers in families withmore socioeconomic resources. The present study
hypothesized that care providers in out-of-home care might help these children
to compensate. We therefore investigated 60 children (n = 30 from SED, n = 30
matched counterparts frommiddle class) and assessed children’s Attachment Q-
Sort (AQS) toward themother and the primary care provider in childcare centers.
Moreover, children’s diurnal cortisol rhythm was measured based on 12 saliva
samples taken across three days a week.
The disadvantaged children showed lower AQS scores with their mothers than
their care providers. Compared to their counterparts, disadvantaged children
also displayed heightened cortisol release and flatter cortisol profiles reflecting
overall high hypothalamic-pituitary-adrenocortical activities and lower capaci-
ties to regulate stress. Most notably however, multilevel path modeling linked
higher care provider AQS scores to decreasing cortisol release throughout the
week.

KEYWORDS
child attachment toward a care provider, diurnal cortisol rhythm, out-of-home care, stress reg-
ulation

Socioeconomic disadvantage (SED) is a widely recog-
nized concern as long-lasting adverse effects on children’s
health have been robustly and consistently reported over
the lifespan (see Kim, Evans, Chen, Miller, & Seeman,
2018; Letourneau, Duffett-Leger, Levac, Watson, & Young-
Morris, 2013; Seeman, Epel, Gruenewald, Karlamangla, &
McEwen, 2010). Exposure to SEDplaces children at greater
risk for less optimal child development and health, and has
also been associatedwith poor language, cognitive deficits,
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behavioral problems, and poor stress regulation during
childhood (Blair & Raver, 2012; Evans & Kim, 2012, 2013).
SED is similar to low socioeconomic status (SES), which

refers to occupation, income, and education, even though
the term is conceptualized more broadly by Kim and col-
leagues (2018). SED additionally includes subjective per-
ception of social position, difficult parental histories, and
contextual indicators such as a sustained presence of stres-
sors associated with ecological shortcomings, detrimental
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living environments, family chaos, poor neighborhoods,
and community violence. One of the most commonly
used SED indicators, however, is poverty, which is calcu-
lated using household income that falls below an annually
adjusted poverty line.
Consequently, SED families encounter everyday chal-

lenges quite differently than families with greater socioe-
conomic resources. The perceptions of economic and eco-
logical pressure certainly affect parenting behavior. Some
studies have shown that SED parents may be less affec-
tionate and sensitive in parent–child interactions, that
is, they are more likely to use harsh disciplinary behav-
iors (e.g., Arditti, Burton, & Neeves-Botelho, 2010; Iruka,
Harden, Bingham, Esteraich, & Green, 2018), even though
these parents often feel less effective and capable in disci-
plinary interactions with their children (e.g., Booth, Mac-
donald, & Youssef, 2018; Mistry, Vandewater, Huston, &
McLoyd, 2002; Pereira, Negrão, Soares, & Mesman, 2015).
These adverse care patterns influence the attachment for-
mation negatively and contribute to insecure attachments
(e.g., Coyl, Roggman, & Newland, 2002; Diener, Nievar, &
Wright, 2003; Koehn, & Kerns, 2017). Moreover, numerous
studies have also demonstrated that adverse parenting neg-
atively affects child stress regulation (e.g., Bernard, Frost,
Bennett, & Lindhiem, 2017; Saridjan et al., 2010; Sheridan,
How, Araujo, Schamberg, & Nelson, 2013; Sheridan, Sar-
sour, Jutte, D’Esposito, & Boyce, 2012).
Recent stress research in children focuses on analyses

of saliva cortisol as saliva sampling is noninvasive and
less intrusive compared to alternative procedures. Corti-
sol is the primary hormonal product of the Hypothalamic-
Pituitary-Adrenocortical (HPA) axis. TheHPAaxis releases
cortisol according to a diurnal rhythm, with cortisol reach-
ing the highest level after waking and declines across the
day to the lowest level at night. To describe the dynam-
ics of the stress response system closely linked to the HPA
axis, theorists posit that neurobiologically mediated sen-
sitivity to context as well as adaptive calibration through
experience are responsible for the striking number of indi-
vidual variations (e.g., Boyce & Ellis, 2005; Del Giudice,
Ellis, & Shirtcliff, 2011). In naturalistic cortisol research,
scholars mainly describe the overall shape of the cortisol
diurnal rhythm by the morning-to-evening decline (slope)
and the overall cortisol release per day (AUC: area under
the curve). Individuals in contexts with fewer stressors
are most likely to show less cortisol release (low AUC)
and steeper slopes (larger drop in cortisol from morning
to evening) than individuals in contexts with more stres-
sors, who are most likely to show flatter slopes that may
mature into cortisol dysregulation (Miller, Chen, & Zhou,
2007; Saxbe, 2008). Cortisol dysregulationmanifests either
as hyper- or hypocortisolism, depending on a consistently
high or low cortisol release throughout the day. There

Key Findings

1. Children experiencing socioeconomic disad-
vantage (SED) displayed elevated stress in the
form of heightened cortisol release (particu-
larly on Sundays) and flatter diurnal cortisol
decline (throughout the week), reflecting lower
capacities to regulate stress as compared to
their peers from families with more socioeco-
nomic resources.

2. Children from SED families showed signif-
icantly higher attachment security to their
providers in childcare than to their mothers.

3. Greater attachment security to the care
providers was associated with better physio-
logical stress regulation throughout the week,
particularly in children from SED families.

4. The study thus provides evidence that care
providers in public childcare have the potential
to help children regulate and manage stress.

Statement of relevance to the field of infant
and early childhood mental health

Young children’s secure attachments to care
providers in childcare centers may be particularly
important for children at greater risk for deficits
in attachment security to their parents and poor
stress regulation.

is also consensus that cortisol dysregulation most likely
indicates long-term adaptations to stressful environments
(see also Hunter, Minnis, & Wilson, 2011; Lupien, King,
Meaney, &McEwen, 2001; Miller et al., 2007). Thus, flatter
diurnal cortisol profiles maymost reliably reflect the influ-
ence of early adverse life events on the early maturation
of the stress system, which is harmed by long-lasting neg-
ative interactions. The conditions under which these flat-
ter slopes tend to occur, together with high or low cortisol
release, are still being investigated (seeBernard et al., 2017).
Some researchers found high cortisol release (e.g., Sarid-
jan et al., 2010), others low cortisol release (e.g., Bernard,
Butzin-Dozier, Rittenhouse, & Dozier, 2010; Zalewski,
Lengua, Thompson, & Kiff, 2016) in children at risk.
Overall, stress research has demonstrated that steep

diurnal slopes represent a dynamic stress system, which is
capable of coping with the daily challenges. Furthermore,
Pendry and Adam (2007) were able to relate the steeper
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cortisol rhythm to better maternal parenting quality, as
assessed by a self-reported warmth measure and moth-
ers’ activities checklists to record her involvement. The
hypothesis that early maternal care and attachment expe-
riences modify the neural development of emotional and
stress processing suggests that children’s attachment secu-
rity is a powerful vehicle to regulate daily challenges most
effectively (Francis, Champagne, Liu, & Meaney, 1999;
Perry, Blair, & Sullivan, 2017; Schore, 2001).
The fact that the HPA axis is particularly vulnerable to

social stress also appears critical for childrenwho are cared
for in childcare centers. Numerous studies have demon-
strated that the quality of out-of-home care is closely
linked to children’s diurnal cortisol rhythms. Childrenwho
attend low-quality programs are more likely to demon-
strate higher cortisol levels (e.g., Dettling, Parker, Lane,
Sebanc, & Gunnar, 2000; Legendre, 2003; Tout, de Haan,
Campbell, &Gunnar, 1998) as compared to cortisol releases
of children in high-quality centers (e.g., Ahnert, Gunnar,
Lamb, & Barthel, 2004).
The present study thus hypothesized that high-quality

childcare might counteract the poor stress regulation of
children who lack sensitive caregiving at home and hardly
form secure attachment relationships with their parents.
In more detail, children’s attachments to adults outside
of the family, as is typically developed in childcare, might
be enriching and compensate for the adverse parent–child
interaction patterns and attachment insecurity with par-
ents. Research has shown that enrollment in childcare
allows children to additionally form significant attach-
ment relationships which help to comfort them in times of
distress (for an overview see Lamb&Ahnert, 2006;Ahnert,
Pinquart, & Lamb, 2006; Howes & Spieker, 2008).
As with parents, the security of care provider–child

attachment, however, relates to sensitivity, involvement,
and quality of care provided by care providers. Because
care provider–child attachments can emerge almost inde-
pendently from mother–child attachments (see meta-
analysis by Ahnert et al., 2006), care providers bear the
potential to form close relationships with the children,
thereby positively affecting the child’s emotional balance
and HPA axis activities (e.g., Badanes, Dmitrieva, & Wata-
mura, 2012; Shields et al., 2001). On the other hand, how-
ever, children from SED families might have difficulties
in establishing secure attachments, in general. These chil-
dren might not have developed adequate social skills in
order to easily adjust to an unknown caregiver, and care
providers in childcare centers are not always able to take
children’s individual needs into accountwithin a group set-
ting (e.g., Eckstein-Madry & Ahnert, 2016; Phillips, Voran,
Kisker, Howes, & Whitebook, 1994; Ritchie & Howes,
2003). For this reason, it remains unanswered to what
extent secure care provider–child attachments can develop
in children from SED families. However, if they do, no

study so far has answered the question of whether care
providers can compensate for children’s insecure attach-
ment experiences from home.
The present study first focused on attachments of chil-

dren from SED families toward their mothers as well
as their childcare providers. We investigated children’s
attachment security at home and in the centers, and
took up starting analyses that showed children’s adverse
behaviors can make it difficult to form secure attach-
ments in the centers (Eckstein-Madry & Ahnert, 2016).
Second, we explored the diurnal cortisol rhythms of the
children from SED families and compared them with
those frommiddle-class families. Finally, we examined the
interplay of mother–child and care provider–child attach-
ments in relation to children’s stress regulation, aiming to
discover compensatory mechanisms positively related to
better child stress functioning through better attachment
experiences in childcare. We hypothesized that (a) chil-
dren from SED families aremore likely to develop insecure
attachments toward their mothers, than their counterparts
from families withmore socioeconomic resources.We also
anticipated that (b) children from SED families might
exhibit stress dysregulation indexed by higher cortisol
release and flatter morning-to-evening declines in cortisol
throughout the day. Given the professional attitudes and
high standards of quality in German childcare centers (see
Koenig, Leu & Viernickel, 2015), we furthermore expected
(c) that care providers form secure attachments to the chil-
dren (regardless of their family backgrounds), and that
these care provider–child attachments (d)would buffer the
insecure attachments toward the mothers, in particular in
children from SED, as well as (e) contribute positively to
children’s stress regulation during the times in childcare,
indicated by lower cortisol release and steeper slopes.

1 METHOD

1.1 Samples

The study involved N = 60 children (n = 32 girls) who
were M = 47.4 (SD = 14.0) months old with their families
in Saxony-Anhalt, Germany. Of this sample, n = 30
children came from socioeconomically disadvantaged
(SED) families, and n= 30 counterparts frommiddle-class
families with more socioeconomic resources served as
comparisons.

1.1.1 Recruitment and matching
procedure

The Child Protection Service (CPS) helped to recruit the
SED families by distributing flyers at the service centers.
Different to other European countries (see a discussion on
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the CPS in Germany and the UK by Simpson & Nowacki,
2017), German CPS acts foremost as a preventative insti-
tution that monitors children experiencing poverty after
neighborhoods, childcare institutions, or even the fami-
lies themselves have called for help. The offers provided
by CPS are initially relativelymild, such as sending a social
worker to the home to provide in-home services to them,
enrolling the children in childcare, taking the parents to
courses to improve parenting or the intrafamilial relation-
ships, and many other activities. In the present research,
CPS handed out the study information to these parents
with the prospect of remuneration as compensation for
the time (in hours) spent in the study (compensation was
paid in Euro and negotiated after attendance). Thereby, we
were able to involve hard-to-reach families but compen-
sated the matched families, as well. Although CPS did not
disclose the files of the families for the present study, to
our knowledge, the children had faced family chaos and
mild physical but not sexual abuse or other severe kinds of
maltreatment.
If the families showed an interest in the study and

provided written consent, we visited them at home and
inquired about their SED indicators, such as SES, unem-
ployment, incomplete occupational qualification, status of
single parent, andmaternal age at delivery of the first child
(e.g., Erickson, Sroufe, & Egeland, 1985; NICHD, 2005). If
the SED families decided to stay in the study, we searched
for comparable children in the same childcare centers
in which the disadvantaged children were cared for, and
distributed flyers for the middle-class families with more
socioeconomic resources. In order to maximize the com-
parability of the two groups, middle-class children were
carefully selected regarding gender, age, and mother’s age
to be individually matched with the disadvantaged target
children on a case by case basis. As a result, the groups did
not differ regarding children’s gender (53.3% girls) and age
[disadvantaged:M= 47.9 months, SD= 14.4; middle-class:
M= 46.6months, SD= 14.2; t(58)= 0.36, ns]. Furthermore,
mothers’ average age was the same across the groups [dis-
advantaged: M = 27.9 years, SD = 7.3; middle-class: M =

30.3 years, SD = 5.0; t(58) = 1.5, ns].

1.1.2 Sample characteristics

Apart from the matched characteristics, SED families
tremendously differed from the middle-class families, par-
ticularly in terms of household income. Whereas the
middle-class families relied on an above average household
income (around 13,700 Euro for single earner and 28,700
Euro for dual earner families per year), all SED families
remained below the poverty line, that is, 60% of the average
household income (see EU-SILC, 2018), and were forced

to rely on welfare. Furthermore, middle-class mothers had
one to three children,M= 1.6 (SD= 0.6) and 17.2% of them
were 20 years and younger at first delivery. In contrast, SED
mothers had one to five children (M = 2.2, SD = 1.3), and
were three times more likely to be under 20 years old at
the birth of their first child (46.7 % vs. 17.2 %), χ2(1) = 6.2,
p < .05. Additionally, SED mothers were three times more
likely to be single mothers (60 vs. 20%), χ2(1) = 10.0, p <
.001, four times more likely to have incomplete occupa-
tional qualification (76.7 vs. 17.2%), χ2(1) = 20.9, p < .001,
and seven times more likely to be unemployed (73.3 vs.
10.3%), χ2(1) = 24.0, p < .001.

Childcare centers and care providers
In Germany, children from age one are entitled by law to
attend child care for at least 20 hours per week, regard-
less of whether the mothers are in the labor force or not.
Centers are usually open fromMonday to Friday from 6:00
a.m. to 5:00 p.m (or 17:00). The children were enrolled in
13 childcare centers, which were located in poor areas in
Saxony-Anhalt (Germany). The target children attended
the centers throughout the week (for at least 4 hours per
day) in group settings of 11–34 children with no differ-
ence in mean sizes between the two groups,M = 19.8 (SD
= 6.4) vs. M = 18.2 (SD = 2.7), t(56) = 1.3, ns. The chil-
dren were cared for by 52 professional care providers (i.e.,
seven care providers cared for more than one child). All
care providers were the primary care providers out of a
team of two to three care providers per group. The pri-
mary care providers had taken care of the target children
for Mdn = 18.5 months, which is a sufficient period to
form and stabilize an attachment relationship (see Ereky-
Stevens, Funder, Katschnig, Malmberg, & Datler, 2018).
This time did not differ between the children from SED
families and those from themiddle-class,U= 122.0., ns. All
primary care providers grew up in middle-class families,
had completed professional training, and acquired profes-
sional experience over a period of 6–41 years, not differing
between the disadvantaged and the middle-class group,M
= 28.7 years (SD = 9.1) vs.M = 25.6 years (SD = 6.0), t(58)
= 1.6, ns. Care providers of the disadvantaged as opposed
to the middle-class children, however, were significantly
older,M = 49.2 (SD = 7.8) vs.M = 45.0 (SD = 6.2), t(58) =
2.3, p < .05.

1.2 Overall Design

The study conformed to the ethical guidelines of the
German Research Foundation, which conforms with the
APA rules. Care providers and parents gave informed
consent prior to data collection. All families were visited
at home to gather information about SED indicators.
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Later, we observed the mother–child attachment for at
least two hours to complete the Attachment Q sort (AQS)
(see in Section 1.3.1). Almost two weeks later, an observer
assessed the children’s attachments in the childcare
centers, after identifying the primary care providers based
on the longest period they had cared for the target child.
We also interviewed the care providers (on personal
information, family background, and career pathways)
and registered information about the group settings in
which the target children were enrolled.
Most importantly, saliva from the children was collected

four times a day (in themorning, at noon, in the afternoon,
and evening) on three days (Sunday, Monday, and Friday)
of the same week to assess cortisol levels. These repeated
assessments made it possible to investigate children’s
stress regulation under the influence of only their home
(on Sunday), and with influences of childcare (on Monday
and Friday).

1.3 Measurements

1.3.1 Attachment

We assessed children’s attachments with the German ver-
sion of the AQS during two-hour observations (AQS:
Waters, 1995; see also Ahnert et al., 2012). The AQS
captures children’s attachments in their everyday envi-
ronments, thus allowing for an ecological examination
of attachments going beyond infancy and covering the
preschool years. Resulting AQS scores range from −1 to
+1 but were z-transformed using Fisher’s r-to-z (see Teti,
Nakagawa, Das, & Wirth, 1991) in order to ensure nor-
mal distribution. In preparation for the observations, six
research interns were intensively trained for the AQS pro-
cedure using video training and live observations. Apply-
ing the standard requirement, ten certification tapes deter-
mined whether the observers had reached an interrater
reliability of at least ICC = .75 before they independently
observed the children. However, about 10% of the observa-
tions were simultaneously carried out by two observers at
the beginning of the study to ensure the reliability (which
these observers confirmed with an excellent reliability of
ICC = .90). Furthermore, we informed observers that the
study included families of a broad range of SES, and ran-
domly assigned them to the children (but no observer saw
the same child at home and in the childcare center). Thus,
the observers were blind to the disadvantaged status of the
children as well as to the study’s hypotheses. Overall, AQS
scores across the two subsamples ranged from −.62 to .76
(M = .24, SD = .33) for mothers, and from −.11 to .72 (M =

.29, SD = .16) for care providers.

1.3.2 Child stress regulation

Each target child provided four saliva samples per day in
order to describe the diurnal cortisol rhythm on a Sun-
day,Monday, and Friday of the sameweek. Sampling times
were set up (a) in the morning,M = 8:06 a.m. (SD = 0:29),
(b) at noon,M= 11:02 a.m. (SD= 0:21), (c) in the afternoon,
M= 2:24 p.m. (SD= 0:20), and (d) in the evening,M= 6:12
p.m. (SD = 0:27).
The first author and a group of research assistants

collected the saliva samples. If research assistants were
unavailable, parents and care providers received a sam-
pling kit including the saliva sampling materials, along
withwritten and visual instructions.We instructed parents
and care providers on how to collect, record, and store the
saliva samples until a research assistant collected them.
Substantial efforts were made to explain why exact tim-
ing and no eating or drinking shortly before sampling were
essential to our study, and participants were asked to note
any sampling issues that had occurred. We also conducted
visits to the families (if they agreed) to help ensure compli-
ance during the saliva samplings, particularly on Sundays.
Research assistants collected 40.8%, care providers 30.5%,
and parents 27.2% of the samples; subsequent cortisolmea-
sures did not differ by collectors but by time of collection
as expected (see below).
No oral stimuli were used, and the saliva samples

were kept in salivettes, frozen at 18◦F, and stored until
they were assayed. The samples were sent altogether to
the Kirschbaum laboratory at the Technical University
of Dresden, Germany. Using an Enzyme Immuno Assay
(EIA: SynELISA Sensitive) with a sensitivity of 0.02 μg/dL
in concentrations of 010 μg/dL, the intra- and interassay
reliability for 10 μl saliva ranged from 7 to 10% in corti-
sol concentrations of 0.4 to 0.7 μg/dL. To minimize fur-
ther variability, all samples were analyzed as duplicates
and averaged. Only 1.5% of the saliva samples could not be
analyzed due to the limited amount of saliva collected.

1.4 Data Analysis

The small sample size and the nested nature of the data
provided several challenges, meaning multilevel regres-
sions were mainly used. To examine the children’s AQS
scores with both the mothers and care providers in the dis-
advantaged and the middle-class group, multilevel regres-
sions accounted for the fact that some children were cared
for by the same care provider. Furthermore, multilevel
regressions properly handled themore complex data struc-
ture of the children’s cortisol release throughout the day
and week, including missing data, and also accounted
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TABLE 1 AQS scores (estimated cell means) in disadvantaged
and middle-class children

Middle-class Disadvantaged t (df)
Mother .47 .02 8.8 (109.9)
Care Provider .32 .26 1.1 (109.9)
t (df) 3.1 (84.3)** 5.0 (84.3)***

Note. Standard error of all mean cells is SE = 0.04.

for the nested structure of the data. In order to gain the
most from the cortisol data, all individual cortisol levels
(four cortisol levels for each of the three cortisol profiles
per child) were analyzed. In preparation for these regres-
sions, we logarithmized the raw cortisol data to obtain nor-
mal distributions and used R2 to estimate the explained
variance as suggested by Nakagawa and Schielzeth (2013).
Finally, multilevel path models combined the attachment
and cortisol release in order to demonstrate how the chil-
dren’s attachments are linked to the diurnal cortisol pro-
files. To reduce complexity, thesemodelswere based on the
aggregated cortisol indices that describe children’s stress
regulation through the AUCs and the slopes of the individ-
ual diurnal cortisol rhythm. That is, AUC was accounted
for, as suggested by Pruessner, Kirschbaum, Meinlschmid,
and Hellhammer (2003), and the slopes were retrieved
from the previous regressions. AUCs, slopes, and AQS
scoreswere standardized beforemultilevel pathmodelling.

2 RESULTS

2.1 Attachments toward Mothers and
Care Providers in Child Care Centers

We subjected all AQS scores to a multilevel regression,
controlling for the nesting of the scores caused by some
care providers who cared for more than one child in the
group. Child (middle-class vs. disadvantaged) and Adult
(mother vs. care provider) and their interaction all signif-
icantly explained variance of R2 = .41 of the AQS scores.
Both Child (b=−0.46, SE= 0.05, βy =−1.76, p< .001) and
Adult (b = −0.15, SE = 0.05, βy = −0.59, p = .003) were
significantly linked to AQS scores, showing lower scores
overall in disadvantaged compared to middle-class chil-
dren and lower scores overall toward the care providers
than mothers. However, a Child × Adult interaction (b =
0.39, SE = 0.07, βy = −1.53, p < .001) was significant too,
displaying opposite effects on the AQS scores: disadvan-
taged children scored higher in care provider–child attach-
ments than in mother–child attachments, and the middle-
class children scored lower in care provider–child attach-
ments than in mother–child attachments. Pairwise con-
trast tests (see Table 1 and Figure 1) revealed that disadvan-

F IGURE 1 Attachment scores toward the mother and the care
provider in disadvantaged and middle-class children

taged children displayed no differences in the care provider
AQS scores when compared to their middle-class counter-
parts (0.06 SD), but lower AQS scores toward the mothers
(to 0.46 SD).

2.2 Cortisol Release throughout the
Week

Testing the effect of Child (middle-class vs. disadvantaged)
and Weekday (Monday vs. Friday with Sunday as ref-
erence) on the AUCs of the diurnal cortisol profiles, a
multilevel regression explained R2 = .44 of the variance
even though the nested dataset once again controlled for
the multiple care structure in child care. Only the main
effect of Child emerged significantly. This indicated that
the AUCs of disadvantaged children were almost one SD
higher (b = 5.97, SE = 1.14, βy = 1.18, p < .001) than
the AUCs of their counterparts, confirming higher cortisol
release in disadvantaged children throughout the week.

2.3 Cortisol Levels and Slopes
throughout theWeek

A multilevel regression also analyzed all individual
cortisol levels in Child (middle-class vs. disadvantaged),
Weekday (Monday vs. Friday with Sunday as reference),
and Time (exact times at which the cortisol levels were
assessed), representing the morning-to-evening decline
of the cortisol levels (i.e., the slopes). The regression
controlled for the multiple care structure and explained
R2 = .55 of the variance. As expected for a decline of
the cortisol levels throughout the day, Time negatively
affected cortisol levels (b = −0.20, SE = 0.02, βy = −0.19,
p < .001). Also, Time × Child had a significant effect on
the cortisol levels (b = 0.06, SE = 0.03, βy = 0.06, p < .05),
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F IGURE 2 Diurnal cortisol slopes in disadvantaged and middle-class children (Means and SE)

reflecting flatter cortisol slopes in disadvantaged than the
middle-class children; see Figure 2.

2.4 Children’s Stress Regulation
throughout theWeek as Related to
Attachment Experience

To analyze the complex interplay of the children’s attach-
ment experiences and diurnal cortisol rhythms, we based
the next analyses on previous results which showed that
disadvantaged children (i) seemed to develop insecure
attachments toward their mothers but were more securely
attached to their care providers, where the AQS scores
were similar to the middle-class children, and (ii) demon-
strated greater stress responses (had higher cortisol release
[AUCs] and flatter cortisol profiles) than their counter-
parts. We thus aimed to test whether the secure attach-
ments toward the care providers might have helped the
stressed children to support their diurnal cortisol rhythm.
For that reason, we subjected all stress indices (AUCs as

well as slopes) to two competing multilevel path models
that we later compared. The data were analyzed on
two levels in each model: L2 represented the individual
children and tested differences in the stress indices across
Child (middle-class vs. disadvantaged) and Adult (attach-
ments toward the mother vs. the care provider), and L1
assessed the days of the week. Model 1 tested the effects of
day of the week on the AUCs and slopes consistently for
all children. In Model 2, we claim that the effects of care
provider–child attachments are apparent on the Monday
and Friday cortisol levels only (not on Sunday). Thus,
Monday and Friday were changed to be random effects,
and their variances were linked to the care provider
AQS scores (as a cross-level effect between L1 and L2),

constituting interaction between the care provider AQS
score and the day of the week.
After computing Model 1 based on children’s AUCs, the

model fitted the data perfectly with χ2(1) = 0.00, p = .99,
confidence interval (CFI) = 1.00, and root mean square
error of approximation (RMSEA) = 0.00. For Model 2,
no absolute fit indices were available due to the random
effects. However, lower information criteria of Model 2
compared to Model 1, Akaike information criterion (AIC)
512.1 vs. 512.5 and sample size adjusted Bayesian informa-
tion criterion (BIC) 512.6 vs. 512.9, indicatedModel 2 as the
better representation of the AUC data.
Figure 3 displays the effect of care provider–child attach-

ment on the AUCs (on L2 of the model) in a way that chil-
dren with higher care provider AQS scores (more secure)
released more cortisol (b = 0.35). When regarding L1 of
the model, cortisol on Monday as compared to Friday did
not differ when the AUC and slope was inspected. Most
interestingly, however, cross-level effects between L2 and
L1 emerged when linking children’s AQS scores (to their
care providers) to theMonday andFriday cortisol.Whereas
the Monday AUC and slope with better AQS scores were
not significantly lowered b = −0.21 [−0.20], the Friday
AUCand slope showed a significant declinewith b=−0.42
[-0.30]. This suggests that the cortisol release of children
with higher AQS scores to their care providers signifi-
cantly drops during the week until Friday (see Table 2 and
Figures 2, 3).

3 DISCUSSION

In this study, we explored the supporting function of
attachment experiences with care providers in childcare
centers on children’s stress regulation, specifically for



8 ECKSTEIN-MADRY et al.

F IGURE 3 Effects of children’s attachments on child stress regulation

children from SED families, characterized by economic
risk and adverse parenting patterns. These disadvantaged
children had developed insecure attachments to their
mothers. This confirms previous studies that revealed
mother–child attachments to be harmed in SED families
due to elevated parenting stress and insensitive parenting
(e.g., Coyl et al., 2002; Forbes, Evans, Moran, & Pederson,
2007; Mistry et al., 2002; Puckering, 2004).
In contrast, child attachments toward the care provider

in childcare centers appeared as secure in disadvantaged
children as was the case in the middle-class counterparts.
This outcome is not self-evident as the childcare providers
in this study grew up in middle-class families and were
unexperienced with poverty. During the vocational train-
ing, however, they learnt to reflect and to deal with chil-
dren from different social backgrounds (see Koenig et al.,
2015). This might explain why the care providers were able
to form secure attachments regardless of the social back-
grounds of the children, assuming that longer work and
life experience additionally supported this process.
In contrast, Ritchie & Howes (2003) reported mainly

insecure attachments of children from poor homes toward
their care providers, even if the providers were highly sen-
sitive in the interactions with these children. The Califor-
nian childcare centers that Ritchie & Howes (2003) inves-
tigated had to care for entire groups of high-risk children,
which might have complicated the interaction and attach-

ment processes with the providers. Individualized interac-
tions are difficult to develop for care providers in group set-
tings where attachments might be maintained by group-
oriented interaction strategies rather than dyadic interac-
tions with individual children (Ahnert et al., 2006; van
Schaik, Leseman, & de Haan, 2017; van Schaik, Leseman,
& Huijbregts, 2014). As is generally known, care providers
need to adjust their behaviors according to group dynam-
ics, and this might be difficult if the entire group is chal-
lenging (e.g., Phillips et al., 1994).
The present study, however, investigated children from

SED families as part of group settings mainly caring for
middle-class children with a maximum of two disadvan-
taged children per group. Thus, the small numbers of dis-
advantaged children per group might have helped to pro-
vide sufficient attachment-building interactions with the
care providers in the present study and made compen-
satory attachment experiences for the disadvantaged chil-
dren possible.
Children fromSED families tended to display higher cor-

tisol release and flatter diurnal cortisol slopes, reflecting
more difficulties with stress regulation than their counter-
parts from themiddle class. These results are supported by
previous studies which indicated long-lasting activation of
the stress system due to stressful life circumstances (Evans
& English, 2002; Flinn, 2006; Saridjan et al., 2010), and
poor maternal parenting quality (Pendry & Adam, 2007).
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TABLE 2 Parameter estimates of two multilevel path models computed for both AUCs and slopes of the children’s cortisol profiles

AUC Slope
Model 1 Model 2 Model 1 Model 2

b p b p b p b p
Level 1
Monday .19 .26 .27 .13 −.02 .92 .06 .71
Friday −.06 .72 .10 .56 −.19 .25 −.08 .66

Level 2
Disadvantage to
CP Attachment −.41 .16 −.41 .16 −.41 .16 −.41 .16
M Attachment −1.42 <.001 −1.42 <.001 −1.42 <.001 −1.42 <.001
AUC/Slope 1.09 .001 1.11 <.001 .97 .01 .97 .01

AUC/Slope on
CP attachment .14 .21 .35 .02 .16 .26 .33 .14
M attachment −.15 .38 −.14 .37 .00 .99 −.01 .97

Cross-Level Interaction
CP attachment ×
Monday - - −.21 .30 - - −.20 .40
Friday - - −.42 .001 - - −.30 .03

Note.M =mother, CP = care provider, b = unstandardized regression coefficient, p = significance level.
Sunday served as the reference for Monday and Friday cortisol

In contrast, the secure attachment to themother holds chil-
dren’s arousal in check or even helps to down-regulate it
(e.g., Ahnert et al., 2004; Gunnar & Quevedo, 2007), while
impairedmother–child attachments work against effective
stress regulation in children (e.g., Luijk et al., 2010).
In contrast, children’s attachment experiencewith child-

care providers in childcare centers might be a relatively
new experience. The present study gives first indications
that this experience might be associated with the child’s
stress regulation in such away that better attachment secu-
rity to a care provider can predict a decrease of the cortisol
release particularly at the end of a week. Interestingly, the
highest cortisol release was generally linked to secure care
provider attachments, suggesting that the children who
weremost stressed received intense attention and care (see
also Ahnert, Eckstein-Madry, Piskernik, Porges, & Lamb,
in prep). These findings hold true for both the disadvan-
taged children and their counterparts. However, the down-
regulation of the stress in children from SED families was
the greatest benefit, as the stress levels generally appeared
higher in this group than those of the counterparts.
This study must be interpreted with regard to its lim-

itations, one of which is the small sample size, which
is always problematic when analyzing complex research
questions. However, the cortisol levels were collected 12
times per child and this assured the statistical power of the
main results. In contrast, theAQS scoreswere not collected
repeatedly and could have been more susceptible to sam-
pling artifacts. Nevertheless, the attachment effects were

consistent and substantial in size.We also computed statis-
tical models describing the interplay of children’s attach-
ment and stress regulation with two cortisol indices (i.e.,
cortisol slopes and AUCs) to assure that the interpretation
is reliable, while being robustly backed up by two sim-
ilar results. Thus, we can trust the results even though
they are not as easily able to be generalized and further
research is warranted. Larger samples, for example, would
allow the impact of family characteristics on child attach-
ment, stress regulation, and their interplay to be explored
inmore detail, rather than relying on a comparison of SED-
and CPS-involved and middle-class homes. By involving
an additional control group of children from low SES
homes where CPS is not involved, the effects of poverty
and intrafamilial problems and parenting stress could be
explored separately from each other. Also, more records of
daily routines in childcare and at home (such as napping,
eating, and sleeping times) would allow an improvement
in the estimates of the children’s cortisol rhythms. Finally,
a follow-up study of the sample would shed light on the
long-term effects of care provider–child attachments on
children’s stress regulation in childcare.
The present study might also have led to more hard-to-

reach families participating in this study, due to the remu-
neration for the poor homes, while the different motiva-
tion for participation in the middle-class families might
have confounded with more secure mother–child attach-
ments. However, results convincingly showed that disad-
vantaged homes influence mother–child attachment and
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child stress regulation negatively. The better the attach-
ments the disadvantaged children experienced in child-
care centers, the better they helped these children with
their stress regulation. Because secure care provider–child
attachments are crucial to the overall quality of childcare
centers, the present study made clear that attending high-
quality childcare not only contributes to children’s mental
but clearly also to their physical health.
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