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1. Introduction

Out-of-home child care is a familiar and necessary environment
for many young children worldwide, particularly in economically ad-
vanced societies and for parents who work outside of the home
(Organization for Economic Cooperation and Development, 2021).
Child care has been shown to be beneficial to children’s cognitive and
social-emotional development (National Institute for Child Health and
Human Development (NICHD), 2006), but the separation from parents
and the complex interactions with peers and caregivers may also pro-
voke physiological stress (Vermeer & Groeneveld, 2017). The potential
stressfulness of the child care setting attracted attention, and many stud-
ies into this topic have emerged during the past decades (Gunnar, 2021;
Gunnar et al., 1997). In the early days, research efforts to study chil-
dren’s stress at child care were mainly driven by more traditional gen-
der roles and moral concerns regarding non-parental child care (e.g.,
Belsky, 1986). Nowadays, due to economic progress, changing gender
roles, and mothers who have entered the work force more often, out-
of-home child care has become an indispensable part of family life,
and is also viewed as contributing to children’s positive development
(NICHD, 2006). Current research therefore focuses more on variations
in stress at child care, and how we could improve the quality of child
care for (different groups of) children in order to support their health
and well-being. Therefore, it is of interest to examine how stressful child
care is for young children and to understand factors related to this po-
tential stress. The knowledge will thus add to our understanding of the
meaning of child care for children’s physiological well-being and related
factors. This meta-analysis attempts to provide some evidence to inform
child care practice and policy with regard to children’s stress levels at
child care.

1.1. Developmental view on stress

The most commonly used method to measure physiological stress in
children is analyzing the level of the hormone cortisol at various times
during the day (Vermeer & Groeneveld, 2017), collected via body ma-
terial like urine, blood or saliva. Because of its non-invasive character,
the collection of saliva is often preferred (Tryphonopoulos et al., 2014).
Cortisol is the end product of the hypothalamic-pituitary-adrenocortical
(HPA) axis, with the latter being involved in the regulation of physical
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and psychological stress. When stressors are absent, cortisol follows a
typical pattern over the day (Tryphonopoulos et al., 2014). Such a typ-
ical pattern is characterized by a peak shortly after wakening, a sharp
decrease during mid-morning, a gradual decrease from the afternoon
onwards, and an evening nadir.

The typical diurnal cortisol pattern is not yet evident in newborns.
Instead they display two peaks that are 12 h apart and depend on the
time of birth instead of the time of day (Iwata et al., 2013; Sippell et al.,
1978). As children grow older, the diurnal cortisol pattern matures in
steps and gradually follows a more typical adult pattern (Gunnar &
Donzella, 2002). The literature is inconclusive as to when children show
a consistent diurnal cortisol patterns, with estimates ranging from the
first months (De Weerth et al., 2003; Ivars et al., 2015) to the third
or even fourth year of life (Gunnar & Donzella, 2002), depending on
the research method and the specific definition of a consistent diur-
nal cortisol pattern. In general, absolute cortisol levels gradually de-
crease over the first year of life (Tollenaar et al., 2010), although intra-
and inter-individual variability remain relatively large, especially up to
eight months of age (De Weerth & Van Geert, 2002; Ivars et al., 2015;
Tollenaar et al., 2010). This variability and the confounding influence
of factors such as napping (Watamura et al., 2002) make the study of
cortisol in young children rather complex, and therefore researchers are
recommended to measure cortisol at different moments and in different
settings within the same child (Gunnar & Donzella, 2002).

To a certain extent, increased cortisol secretion can be viewed
as adaptive and beneficial from a developmental point of view
(Tryphonopoulos et al., 2014), since it may stimulate children’s learn-
ing. Persistent deviations from this pattern, however, in particular el-
evations in the afternoon, can be interpreted as an indicator of stress
(Geoffroy et al., 2006; Vermeer & Van IJzendoorn, 2006). Although
short-term carryover effects of increased cortisol levels during the day
at child care into the evening at home were not found (Watamura et al.,
2009), prolonged activation of the HPA-axis, especially during the first
years of life, can pose a threat to or increase vulnerability of the develop-
ing brain and children’s long-term health and well-being (Gunnar, 2021;
Sonia et al., 2009; Tryphonopoulos et al., 2014), although the specific
mechanisms remain unclear (Gunnar, 2021). Moreover, links between
elevated cortisol and a suboptimal immune system have been found
(Watamura et al., 2010). Finally, behaviorally inhibited children were
shown to score higher on internalizing problems over time when they ex-
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perienced elevated cortisol levels at child care (Rosen & Schulkin, 1998).
For many families, however, out-of-home child care is a necessity, and
therefore the question that comes to mind is: under what conditions at
child care do we see the smallest increase in children’s stress levels (as
measured via cortisol) compared to home, in order to optimize child
care for children?

1.2. Factors related to cortisol elevations at child care

Frequently studied and theoretically relevant variables are qual-
ity of care (e.g., Watamura et al., 2009), child temperament (e.g.,
Gunnar et al., 2010), group size (e.g., Lisonbee et al., 2008) and hours
at child care (e.g., Drugli et al., 2018). The relations between child care
quality and hours at child care on the one hand and cortisol at child care
on the other hand are quite well-established, with many studies finding
lower child care quality and more hours at child care relating to higher
cortisol levels (Vermeer & Groeneveld, 2017). Low child care quality is
theoretically linked to cortisol elevations because the lack of sensitive
caregiver responses hampers the co-regulation of the stress system of
the child (Gunnar, 2021). The HPA-axis was indeed found to be socially
regulated by caregivers, in particular by sensitive caregivers to whom
the child is securely attached. More specifically, sensitive caregivers can
buffer the impact of stressors on the child (Gunnar, 2021). More hours
in child care are also thought to be linked to cortisol elevations, prob-
ably because of the endured and sometimes exhausting interactions at
child care (Gunnar, 2021; Vermeer & Groeneveld, 2017). Outcomes may
however differ depending on characteristics such as type of care (e.g.,
Groeneveld et al., 2010), child age (e.g., Bernard et al., 2015) and re-
search design (e.g., Albers et al., 2016).

The associations between child temperament and cortisol and group
size and cortisol secretion at child care show a more ambiguous pic-
ture (Vermeer & Groeneveld, 2017). Theoretically, a larger group size
is linked indirectly to child care quality, because it is more challeng-
ing for caregivers to provide high-quality child care when more chil-
dren are placed under their care, and because of increased noise levels
(Vermeer & Groeneveld, 2017). Furthermore, children with a more dif-
ficult temperament are thought to be more susceptible for stressors and
might therefore show higher cortisol elevations at child care (Tout et al.,
1998; Watamura et al., 2003). In sum, there is a need for an updated
meta-analysis.

1.3. Previous meta-analytic studies

More than a decade ago, two meta-analyses on cortisol secretion in
out-of-home child care were published (Geoffroy et al., 2006; Vermeer &
Van IJzendoorn, 2006). Both meta-analyses found children’s cortisol lev-
els to show the typical pattern when children were at home, whereas at
child care cortisol levels increased during the day. In the meta-analysis
by Vermeer & Van IJzendoorn (2006), five studies that were based on
salivary cortisol were included, which showed a small to medium com-
bined correlation between child care attendance and cortisol secretion
(r =.23), only significant for children younger than 36 months of age.
In the meta-analysis byGeoffroy and colleagues (2006), which included
a slightly different set of studies due to divergent inclusion criteria con-
cerning the date of publication and child care setting, the results of nine
studies were combined. The authors reported a medium to large effect
size (d = 0.72), with a larger increase over the day when children were at
child care compared to when they were at home. The authors found the
largest effects for studies with preschoolers, children with a more diffi-
cult temperament and children attending low-quality child care, which
was however not meta-analytically tested, due to a limited number of
studies at the time into stress in child care in general, let alone into spe-
cific potential correlates such as child care quality. Since the publication
of the previous meta-analyses, many additional empirical studies on the
topic have been published, also in countries other than the United States.
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Most of them were in line with the results of the meta-analyses, but oth-
ers reported null results (e.g., Vermeer et al., 2010). Furthermore, in
the earlier meta-analytic studies, analyses on the correlates of cortisol
and the role of potential moderation by study variables were not pos-
sible, again due to the limited number of articles published at the time
(Geoffroy et al., 2006; Vermeer & Van IJzendoorn, 2006). These ana-
lytical limitations and mixed results asked for a new meta-analysis into
this topic.

1.4. Current study

The aims of the current study were to meta-analytically examine
whether 1a) mid-morning cortisol values, 1b) mid-afternoon cortisol
values, and 1c) the cortisol increase from mid-morning to mid-afternoon
is higher within children when at child care compared to when at home;
2) an increase in cortisol from mid-morning to mid-afternoon at child
care correlates with lower child care quality, more difficult child tem-
perament, larger group size, and more hours at child care (all studied
separately), and 3) certain study characteristics (year of publication, age
group(s), research design, country, type of care, method of saliva col-
lection, and the inclusion of covariates) moderate the outcomes of the
former research questions in case of heterogeneity.

2. Method
2.1. Literature search

We conducted and reported the current study according to PRISMA
guidelines for systematic reviews and meta-analyses (Moher et al.,
2009). A systematic literature search was performed via the following
electronic databases: EMBASE, Emcare, ERIC, ProQuest Dissertations
and Theses, PsychINFO, PubMed, and Web of Science (in August 2019,
but the databases were most recently checked for new studies in August
2020). We chose to use the terms cortisol, child care and synonyms of
these terms (e.g., hydrocortisone, day care). Through the thesaurus (syn-
onym dictionary) of the databases it was possible to see which specific
synonyms of the terms yielded the most relevant results. In Table 1 in
the Supplementary Materials, an overview of the search formulas per
database can be found. The outcome of interest concerned cortisol lev-
els, as measured in the saliva of children who are cared for in center-
based or home-based child care settings. Studies on children with severe
disabilities and studies on children who attended any kind of formal ed-
ucation (e.g., kindergarten, first grade) were excluded, because the focus
was on the cortisol secretion of = children in regular preschool child care
settings. Since the age when children start in formal education varies be-
tween countries (between 3 and 6 years), a strict maximum child age
was not set. However, we did not include studies with children who
already started primary school and attended after school child care set-
tings. Only articles published in peer-reviewed journals, dissertations,
and conference papers were included, written in English and without
limit on date of publication. We came across one Korean and one Finnish
article and asked the authors if these articles were available in English,
which was unfortunately not the case. We are aware of possible accessi-
bility, language, and publication bias and therefore at least the potential
publication bias was taken into account in the analyses.

2.2. Selection of studies

Studies were included for the first research question on cortisol lev-
els at child care versus home when raw (uncorrected) cortisol data (M,
SD) were available for at least one mid-morning (between 08:30 AM and
11:30 AM) and/or one mid-afternoon (between 02:00 PM and 05:30 PM)
sample of saliva per child. Samples had to be collected on at least one
day at child care and at least one day at home. For the meta-analyses on
correlates of cortisol at child care, we included studies if a correlation co-
efficient was available or, when absent, a standardized regression coeffi-
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Table 1

Characteristics of the studies included in the meta-analyses.
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Author(s) and year

Design of study and

Child age range (M,

Location(s) of
saliva

Number of days and
method of saliva

Mean sampling
time(s) of saliva

of publication Country Sample size covariates (yes/no)  Type of care ~ SD) and group collection collection collection®
Ahnert et al. (2004)  Germany 70 Longitudinal; No Center-based  11- 20 months Child care and 6 (child care); 1 At (expected)
(14.90, 1.70); home (home); cotton pads  arrival, 30 min. later
Younger and 60 min. later
(both settings)
Albers et al. (2016) The 64 Longitudinal; No Center-based  8.86 — 23.14 weeks  Child care and 9 (child care); 3 10 AM and 4 PM
Netherlands (14.60, 2.80); home (home); cotton (both settings)
Younger dental roll
Badanes et al. (2012) United States 110 Cross-sectional; No Center-based  2.03 — 5.38 years Child care 3; cotton dental roll  9:50 AM and 3:34
(4.03, 0.73); Older PM
Bernard et al. (2015) United States 168 Longitudinal; No Center-based  1.20 months - 8 Child care and 6 (child care); 2 10:10 AM and 3:35
years (3.27 years, home (home); cotton PM (child care);
2.09) dental roll 10:53 AM and 3:35
PM (home)
De Haan et al. United States 24 Longitudinal; No Center-based  NR (30.49 months,  Child care and 18/27 (child care); 2 Between 10 - 10:30
(1998) 1.85); Younger home (home); cotton AM (both settings)
dental roll;
stimulants
Dettling et al. (1999) United States 70 Cross-sectional; No  Center-based  39-69 months Child care and 2 (per setting); 10:37 AM and 4:04
(51.50, 7.09); Older home cotton dental roll; PM (child care);
stimulants 10:24 AM and 4:11
PM (home)
Dettling et al. (2000) United States 21 Cross-sectional; No Home-based 40-69 months Child care and 2 (per setting); 10:30 AM and 3:30
(52.75, 7.67); Older home cotton dental roll; PM (both settings)
stimulants
Drugli et al. (2018)  Norway 112 Cross-sectional; Yes; Center-based 16-32 months Child care and 2 (per setting); 10 AM and 3 PM
Log-transformed and (23.17, 3.80); home cotton dental roll (both settings)
data home-based Younger
Eckstein-Madry et al. Germany 60 Cross-sectional; No  Center-based  NR (47.40 months, Child care and 2 (child care); 1 08:06 AM, 11:02
(2020) 14); Older home (home); NR AM, 2:24 PM and
6:12 PM (both
settings)
Groeneveld et al. The 45 Cross-sectional; Yes  Center-based  20-40 months (32, Child care and 1 (child care); 2 11:10 AM and 3:19
(2010)2 Netherlands 4.40); Younger home (home); sorbette PM (child care);
10:59 AM and 3:10
PM (home)
Groeneveld et al. The 71 Cross-sectional; Yes  Home-based 20-40 months Child care and 1 (child care); 2 11:10 AM and 3:19
(2010)® Netherlands (29.20, 6.30); home (home); sorbette PM (child care);
Younger 10:59 AM and 3:10
PM (home)
Gunnar et al. (2010) United States 151 Cross-sectional; Yes  Home-based 3 -4.50 years (3.81, Child care and 2 (per setting); Between 10-11 AM
0.23); Older home cotton dental roll; and 3-4 PM (both
stimulants settings)
Hatfield (2013) United States 63 Cross-sectional; Yes  Center based  NR (53.92 months, Child care 2; sorbette 8:29 AM, 10:48 AM
5.39); Older and 3:27 PM
Lisonbee et al. United States 191 Cross-sectional; No  Center-based  43-67 months (53, Child care 2; passive drool 9 AM and between 1
(2008) 4.10); Older and 4 PM
Lumian et al. United States 118 Cross-sectional; No  Center-based  NR (4.51 years, Child care and 3 (child care); 2 10 AM and 3:25 PM
(2016)2 0.63); Older home (home); cotton (both settings)
dental roll
Lumian et al. United States 78 Cross-sectional; No  Center-based = NR (3.92 years, Child care and 3 (child care); 2 9:50 AM and 4:06
(2016) 0.63); Older home (home); cotton PM (both settings)
dental roll
Ouellet-Morin et al.  Canada 155 Longitudinal; No Center-based  NR (2.28 years, Child care and 2 (per setting); 10:02 AM and 3:26
(2010) and 0.26); Younger home sorbette PM (child care); 8:51
home-based AM and 5:20 PM
(home)
Park and Choi Korea 117 Cross-sectional; No  Center-based  4-5 years (NR, NR);  Child care 2; NR 10:30 AM and 3:30
(2009) Older PM
Sumner et al. (2010) United States 42 Cross-sectional; No ~ Center-based  16-24 months (21, Child care and 2 (per setting); 10:03 AM and 3:27
2.48); Younger home cotton dental roll; PM (child care);
stimulants 10:53 AM and 3:44
PM (home)
Tervahartiala et al. ~ Finland 106 Cross-sectional; No  Center-based  NR (2.26 years, Child care and 2 (1 child care day; 30 min after waking

(2019)
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0.60); Younger

home

1 home day); swab

(at home), 10 AM
and between 2-3
PM (both settings)
and before going to
bed (at home)

(continued on next page)
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Table 1 (continued)
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Author(s) and year
of publication

Country Sample size  Design of study and

covariates (yes/no)

Type of care

Child age range (M,
SD) and group

Location(s) of
saliva

Number of days and Mean sampling

method of saliva

time(s) of saliva

collection collection collection®
Tout et al. (1998) United States 75 Cross-sectional; No  Center-based  2.67 — 5.83 (4.30, Child care 30; cotton dental 10:30 AM and 3 PM
NR) roll; stimulants
Vaillancourt et al. Canada 198 Cross-sectional; No ~ Center-based  NR (33.62 months, Child care 2; sorbette 9:58 AM and 2:45
(2018) 5); Older PM
Vermeer et al. Basque 60 Cross-sectional; Yes ~ Center-based  16-41 months Child care and 1 (per setting); 10:40 AM and 3:26
(2010)2 Country (32.20, 4.90); home sorbette PM (child care);
Younger 10:42 AM and 3:30
PM (home)
Vermeer et al. The 25 Cross-sectional; Yes  Center-based  24-41 months Child care and 1 (per setting); 10:40 AM and 3:26
(2010) Netherlands (32.50, 4.60); home sorbette PM (child care);
Younger 10:42 AM and 3:30
PM (home)
Watamura et al. United States 20 Cross-sectional; No  Center-based  2-16 months (10.40, Child care and 2 (per setting); 10 AM and 4 PM
(2003)2 NR); Younger home cotton dental roll; (child care); 10:02
stimulants AM and 4:27 PM
(home)
Watamura et al. United States 35 Cross-sectional; No  Center-based  16-38 months Child care and 2 (per setting); 10 AM and 4 PM
(2003)° (28.80, NR); home cotton dental roll; (child care); 10:02
Younger stimulants AM and 4:27 PM
(home)
Watamura et al. United States 65 Cross-sectional; No ~ Center-based  2.67-5.33 years Child care and 2 (per setting); 10:48 AM and 3:48
(2009) (4,29, NR); Older home cotton dental roll PM (child care);
10:07 AM and 3:44
PM (home)
Watamura et al. United States 40 Cross-sectional; No  Center-based  2.80-4.25 years Child care and 2 (per setting); 10:37 AM, 11:50

(2002) (3.45, NR) for the home cotton dental roll; AM, 2:38 PM and
younger stimulants 3:46 PM (child
preschoolers; care); 10:32 AM and
4.26-5.43 years 3:55 PM (home)
(4.67, NR) for the
older preschoolers;;

Older

a = first independent subsample of study.

b

= second independent subsample of study.

¢ = when more than one mid-morning and/or one mid-afternoon time slot is mentioned, the included time slot(s) is/are in bold.

cient, for the cortisol change score (mid-afternoon minus mid-morning,
so that a positive score indicated an increase over the day and a negative
value indicated a decrease over the day) at child care and one or more
of the four correlates.

In the final stage of the selection process, studies with overlapping
samples were excluded. When samples of studies (partly) overlapped,
published articles in peer-reviewed journals were preferred to disserta-
tions. When both of the studies with (partly) overlapping samples were
part of published articles in peer-reviewed journals, the article with the
most relevant data regarding the research questions was chosen. When
the studies were equally relevant, we included the study with the biggest
sample size. Finally, we excluded 12 studies because the methodology
did not match our research questions. For example, studies that collected
saliva samples directly or shortly after awakening or daytime naps were
excluded, because these samples were more likely to reflect part of the
cortisol awakening response than mid-morning or mid-afternoon corti-
sol values. Regarding constructs, two studies were excluded since these
studies used instruments that were not comparable to other instruments
measuring child care quality (Reunamo et al., 2012; Sajaniemi et al.,
2011) and could not be included for the first research question either.
The authors of 22 articles were asked for additional non-published raw
(uncorrected) data. For 12 papers, authors responded to this request. In
two cases, the requested data were no longer available. Six articles for
which we did not receive responses were (partially) included on the ba-
sis of the information that was available. Four papers had to be excluded
because of the lack of usable data and no response. All this resulted in
the final inclusion of 24 articles, which contained 28 independent sub-
samples (because when samples within one article were completely in-
dependent, they were treated as separate studies, which was the case
for four articles).
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A flow chart of the article selection process for the meta-analyses can
be found in Fig. 1. After the removal of duplicates, 3094 articles were
identified. The titles of these articles were screened and 123 articles met
the inclusion criteria. Then, the abstracts of the articles were screened
for eligibility, followed by a discussion of (27) unclear abstracts. Of
the remaining 96 articles, twenty abstracts were independently double-
screened to check whether the other authors agreed with the decisions.
This was the case for all abstracts. While checking the reference lists
of the 56 articles that met the criteria based on the abstract and after
asking some authors for additional data, we came across another eight
relevant studies. The full-texts of the first randomly selected 10 articles
were coded together by four researchers in order to finalize the cod-
ing form (see below) and practice coding. After that, two researchers
independently coded a reliability set containing 10 randomly selected
articles. The percentage of absolute agreement between coders for cod-
ing the descriptive study and sample characteristics was calculated and
found to be adequate (M = 90.68%, Min. = 60%, Max. = 100%). After
this, the remaining articles were coded separately. Difficulties in cod-
ing the articles were discussed during weekly meetings and if needed, a
third party was consulted.

2.3. Data extraction

For the descriptive statistics, we used a self-developed standardized
coding form. Information on study characteristics (e.g., year of publi-
cation, research design, country), sample characteristics (e.g., sample
size, ethnicities, child age) and child care characteristics (e.g., type of
care, number of groups and centers) was extracted. Data on the col-
lection of saliva and the correlates of cortisol levels (e.g., name and
type of the instrument(s), informant(s), reliability) were retrieved as
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Fig. 1. Flow chart of the article selection process for the meta-
analyses.
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well. In total, seven meta-analyses were performed, three to answer
the research question concerning cortisol levels at child care versus
home and four to answer the research question concerning correlates
of cortisol levels at child care. For three articles (Badanes et al., 2012;
Groeneveld et al., 2010; Sumner et al., 2010), data were (partly) re-
trieved from the corresponding dissertation or another article about the
same sample with more information on the cortisol statistics or coef-
ficients (Badanes, 2010; Groeneveld et al., 2012; Sumner, 2009). Data
for the analyses (i.e., cortisol statistics, information on times and loca-
tions of saliva collection, sample sizes, and coefficients) were thoroughly
checked again for each individual study as a reliability check (and thus
were not based on the coding forms alone).

When possible, uncorrected values were used. However, in some
cases only correlational analyses with covariates and log-transformed
cortisol values were available. In these cases, unstandardized regres-
sion coefficients were divided by the standard error to obtain t-values.
See Table 1 for more information on the methodological differences be-
tween studies. When sample sizes differed between mid-morning and
mid-afternoon measures within one setting (child care or home), we
chose to include the smallest sample size for conservative purposes.
When more time-points were reported (multiple weeks in a row) we
chose to take the average of all time-points for which values for both
child care and home were available, except when time-points were too
far apart (such as 1 year, which was the case for Ouellet-Morin et al.,
2010). In some cases, saliva was collected 2 days at child care and only
1 day at home. In these instances, we calculated a mean score for the
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cortisol levels at child care. For temperament, the subscales measur-
ing negative affectivity, fearfulness, shyness, and anger and aggression
were included, because these subscales were most frequently reported
and are theoretically closest to the definition of a more difficult temper-
ament. When no coefficient for a composite score of child care quality
was provided, we included subscales related to both global quality (e.g.,
classroom quality) and process quality (e.g., caregiver-child interactions
on group-, dyad- and the child-level). See Table 2 for the included mea-
surement instruments.

2.4. Meta-analytic procedures

2.4.1. Within-child cortisol levels at child care versus home

As mentioned, a series of seven meta-analyses was conducted,
performed with Comprehensive Meta-Analysis Software Version 2
(Borenstein et al., 2005). Raw (uncorrected) means, standard deviations,
and sample size were used to calculate Hedge’s g in order to answer the
first research question on differences between mid-morning and mid-
afternoon cortisol at child care compared to home. A positive value for
the combined Hedge’s g would indicate that the mean cortisol level was
higher at child care than at home, in the morning or the afternoon.
Concerning the meta-analysis on cortisol change from mid-morning to
mid-afternoon at child care compared to home, the change score and
the standard deviation of this change score were entered for both set-
tings. For this analysis, a positive effect size would signify a larger cor-
tisol increase over the day at child care compared to home (since the
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Table 2
Overview of the studies that related cortisol to child care quality, child temperament, group size and/or hours at child care.

Author(s) and year of Name(s) of Reliability of Mean number of group
publication Correlate(s) instrument(s) Type(s) of instrument(s)  Informant(s) instrument(s) size and hours in care
Albers et al. (2016) Child care quality; Ainsworth; IBQ-R Dyad-level observation; Researcher; Parent Good; Fair NA
Child temperament Questionnaire
Badanes et al. (2012) Child care quality; ECERS-R; CBQ Group-level observation;  Researcher; NR; Fair NA
Child temperament Questionnaire Professional
caregiver
Dettling et al. (1999) Child temperament CBQ Questionnaire Parent and NR NA
professional
caregiver
Dettling et al. (2000) Child care quality; ORCE; CBQ Dyad-level observation; Researcher; Parent Fair; NR Group size: 3-8 versus
Child temperament; Questionnaire and professional 9-13 (Median = 8.50)
Group size caregiver
Drugli et al. (2018) Child care quality; CLASS-Toddler; Group-level observation;  Researcher; Parent Good; Poor Group size: 14.40 (M),
Child CRITQ Questionnaire 5.89 (SD), 4-31 (range)
temperament; Group Hours in care: 5-7 (33%)
size; Hours at child versus 8-9 (67%) per day
care
Groeneveld et al. (2010)*  Child care quality ECERS-R & NCKO Group-level observation =~ Researcher; Good; Fair NA
scale for caregiver and interview; Researcher
sensitivity Group-level observation
Groeneveld et al. (2010)"  Child care quality; IT-CC-HOME & Group-level observation Researcher; Parent Good; Fair; Fair NA

Child temperament

NCKO scale for
caregiver sensitivity;
TBAQ

and interview;
Group-level observation;
Questionnaire

Gunnar et al. (2010) Child care quality; M-ORCE; M-ORCE Dyad- and group-level Researcher; Good; Good Group size and hours in
Child temperament; observation; Child-level Professional care: NR
Group size; Hours at observation caregiver
child care
Hatfield (2013) Child care quality CLASS Pre-K Group-level observation Researcher Good NA
Lisonbee et al. (2008) Child care quality; CIS; CBQ Group-level observation;  Researcher; Parent Good; Fair Group size: 17 (Median),
Child temperament; Questionnaire 11-24 (range)
Group size
Lumian et al. (2016)° Hours at child care NA NA NA NA Hours in care: 5 (47%)
versus 2-3 (53%) days
per week
Ouellet-Morin et al. Child care quality ITERS & ECERS Group-level observation Researcher NR NA
(2010)
Park and Choi (2009) Child care quality; Observation Scale Group-level observation;  Researcher; NR; Good Hours in care: NR
Child temperament; for Day Care Questionnaire Professional
Hours at child care Programs; Social caregiver
Competence and
Behavior Evaluation
Sumner (2009) Child care quality ITERS-R Group-level observation ~ Researcher Good NA
Group size; Hours at NA NA NA NA Group size: 13.47 (M),
Tervahartiala et al. (2019) child care 3.80 (SD)
Hours in care: 20
(71.7%) versus < 16
(28.3%) days per month
Tout et al. (1998) Child temperament SCBE Questionnaire Professional Good NA
caregiver
Vaillancourt et al. (2018)  Child care quality; ITERS-R & ECERS-R  Group-level observation Researcher NR Hours in care: 29.35 (M),
Hours at child care 12.55 (SD) per week
Vermeer et al. (2010)? Child care quality; ECERS-R; ICQ Group-level observation;  Researcher; Parent Good; Good Group size: 15.40 (M), 3
Child temperament; Questionnaire (SD), 8-20 (range)
Group size; Hours at Hours in care: 27.50 (M),
child care 8.20 (SD), 10-43 (range)
Vermeer et al. (2010)" Child care quality; ECERS-R; TBAQ Group-level observation;  Researcher; Parent Good; Fair Group size: 12.10 (M),
Child temperament; Questionnaire 2.30 (SD), 5-15 (range)
Group size; Hours at Hours in care: 20.30 (M),
child care 6.80 (SD), 2-40 (range)
Watamura et al. (2003)*  Child care quality; ECERS; IBQ Group-level observation;  NR; Professional NR; Good NA
Child temperament Questionnaire caregiver
Watamura et al. (2003)>  Child care quality; ECERS; TBAQ Group-level observation;  NR; Professional NR; Fair NA
Child temperament Questionnaire caregiver
Watamura et al. (2009) Child care quality M-ORCE Child- and group-level Researcher Fair NA
observation

Note. NR = not reported; NA = not applicable.

a = first independent subsample of study.

b
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= second independent subsample of study.c= < .60 = poor, > .60 < .80 = fair, > .80 = good.
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home values were subtracted from the child care values). Hedge’s g was
computed by dividing the difference between the two means (or change
scores) by the pooled standard deviation (Borenstein et al. 2009).

Sensitivity analysis. The three meta-analyses on cortisol levels at child
care versus home consisted of two paired measurements, namely mul-
tiple saliva collections for the same child in two different settings (at
child care and home). To control for this dependency, one needs the
specific correlation between cortisol measures at home and child care
for every individual study. Since these were not available, we based
the correlations on two studies of one of the authors (X). We used the
weighted mean of the correlations in the Dutch samples of these studies
as an educated guess for the other correlations in the analyses, which
were r = .261 for the mid-morning cortisol levels, r = .303 for the mid-
afternoon cortisol levels, and r = .359 for the cortisol change score.
For the meta-analysis on cortisol change, the estimated correlation be-
tween the mid-morning and mid-afternoon values over the settings was
r =.292 and was therefore used in the formula to calculate the standard
deviations of the change scores (the square root of the outcome of the
following equation: S)%d =82 482 —2r SySpy. In a sensitivity
analysis, correlations were also set at the values of r = .0 (complete in-
dependence) and r =.8 (strong dependence) for all analyses (in addition
to the estimated correlation(s)), which resulted in nine different effect
sizes for the meta-analysis on cortisol change and six different effect
sizes in total for the meta-analyses on mid-morning and mid-afternoon
cortisol.

2.4.2. Correlates of cortisol levels at child care

For the second research question on correlates of cortisol levels at
child care, correlations (or comparable parameters if uncorrected corre-
lations were not available) between the correlates, the cortisol increase
from mid-morning to mid-afternoon, and accompanying sample sizes
were used to calculate the combined effect size (). A positive corre-
lation would indicate that a more difficult child temperament, larger
group size and more hours at child care correlate with a larger increase
in cortisol over the day at child care. For child care quality, a negative
correlation would indicate lower child care quality to correlate with a
larger cortisol increase at child care. Random-effects models were cho-
sen in all cases, because we assumed that the variance between studies
did not only contain measurement error, but also real variation due to
differences in study design, measurement instruments, and sample char-
acteristics (Borenstein et al., 2009). Q-statistics were used to examine if
the sets of studies could be considered heterogeneous (Borenstein et al.,
2009). If this was the case. To get an idea of the robustness of the out-
comes, we calculated the fail-safe number N, which can be described
as the number of studies of an average effect size with on average a
null effect, that is necessary to reduce the combined effect size to non-
significance (Rosenthal, 1979). Potential publication bias was visualized
and when present, compensated by using Duval & Tweedie’s trim and
fill method (Duval & Tweedie, 2000a, 2000b). We transformed individ-
ual effect sizes into standardized z-scores and defined them as outliers
if their value was smaller than -3.29 or greater than 3.29 (Tabachnick &
Fidell, 2007). If outliers were present, we performed analyses both with
and without the outlier(s).

2.4.3. Moderators of study outcomes

To answer the third research question, we carried out additional
moderator analyses. To perform such analyses reliably, the smallest sub-
set for each categorical moderator was set at a minimum of three stud-
ies. For all meta-analyses that showed significant heterogeneity between
studies, we tested whether effect sizes differed based on year of publi-
cation, age groups (younger children versus older children), research
design (cross-sectional versus longitudinal research design), country
(United States versus other countries than the United States), type of
care (center-based versus home-based child care settings), and method
of saliva collection (cotton dental roll versus other devices). Although
more specific classifications concerning age groups would have been
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preferred, this was not possible, since many studies included multiple
age groups and did not differentiate between those age groups in their
results. As an appropriate solution, we made two groups: (1) the studies
with only infants, only toddlers, or with a combination of both infants
and toddlers, and (2) studies with only preschoolers, or with a com-
bination of both toddlers and preschoolers. By doing this, we created
two non-overlapping groups approximately equal in size that differed
in the mean child age. In addition, for the second research question, we
tested whether outcomes differed based on whether covariates were in-
cluded in the correlations. Child age was included as a moderator and
not as a correlate, since the correlation between cortisol and child age
at the individual level was only reported in some studies, while child
age at study level could be tested as a moderator for all studies. Year of
publication was analyzed using meta-regression, while the other vari-
ables were treated as categorical moderators. For the meta-regression
analyses, the mixed effects regression model (method of moments) was
chosen, and for the categorical moderator analyses it was assumed that
a common among-study variance component existed across subgroups.
A variable was considered a moderator if the effect sizes of categories
differed significantly.

3. Results
3.1. Descriptive statistics

The characteristics of the studies included in the meta-analyses
(k = 28) are summarized in Table 1. In Table 2, one can find the studies
that included measures of child care quality, child temperament, group
size, and hours at child care, which were considered correlates of cor-
tisol secretion and were meta-analytically examined (k = 22). Below,
the study and sample characteristics, the procedures around the saliva
collection and the measurement of the correlates are described.

3.1.1. Study characteristics

Most of the studies (48.8 %) were conducted in North-America
(United States: k = 14; Canada: k = 2), followed by Europe (The Nether-
lands: k = 4; Germany: k = 2; Scandinavia: k = 2; Spain: k = 1) and Asia
(k = 1). The majority of studies (57.7 %) was published in or after 2010.
A minority of studies (k = 3) focused completely on home-based child
care, whereas 21 studies included only center-based child care settings.
Two studies covered both types of care in their sample. Most studies
(k = 21) were set up with a cross-sectional design, whereas five studies
could be considered longitudinal, since these studies included multiple
time-points across several weeks, months, or even years, with a mean
of 6 time-points. For four studies, children were followed specifically
during their transition into a (new) child care setting and these were all
longitudinal studies.

3.1.2. Sample characteristics

The sample size of the studies contained on average 83 children
(SD = 52.87, range = 20-198). Most studies (k = 10) included only tod-
dlers (children between 1 and 3 years of age) or focused on both toddlers
and preschoolers (the latter being children of 3 years and older; k = 9).
Other studies included only preschoolers (k = 3) or infants (children
under the age of 12 months; k = 2) or another combination of two or
three age groups (k = 2). The mean age of the children (k = 22) was
2.79 years (SD = 1.19, range = 0.23-4.49). When it comes to gender
distribution (k = 25), boys, on average, made up 51.16% of the sam-
ples (SD = 6.05, range = 38.10-64.29). The majority of studies (k = 21)
did not report on the general health of the children. For the ones that
did (k = 5), general health was considered to be good, with no children
with medical conditions and/or disabilities. In most studies (k = 20), the
socio-economic status (SES) of the participants was not reported. How-
ever, five studies reported that the sample mainly consisted of children
belonging to families of middle-class to high SES and one study included
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children belonging to families of middle-class to low SES. Regarding eth-
nicity, on average, most participants were Caucasian (72.42%, k = 17),
followed by African-American (12.98%, k = 14), mixed or Native Amer-
ican (10.05%, k = 8), Asian-American (8.60%, k = 14), and Hispanic
ethnicity (6.93%, k = 12).

3.1.3. Child care characteristics

The average number of participating child care centers was 22
(SD = 28.59, range = 1-120, k = 25) and the average number of child
care groups involved 28 (SD = 32.92, range = 2-120, k = 21). Informa-
tion regarding child-caregiver ratio, group size, and hours and experi-
ence in care were only reported by a small subset of studies. The mean
child-caregiver ratio (k = 6) was 7:1 (SD = 4.45, range = 3:1-15:1) and
the mean group size (k = 8) was 11 (SD = 4.43, range = 2.90-15.40). On
average, children spent 29.61 hours at child care per week (SD = 9.12,
range = 19.40-40.61, k = 8) and were on average 0.96 years old when
they entered child care (SD = 0.50, range = 0.28-1.42, k = 4). The av-
erage number of months children had spent at child care in total at the
time of data collection was 14.11 months (SD = 10.84, range = 0-27.52,
k =6).

3.1.4. Saliva collection

For 21 studies, saliva was collected both at the child care center
and at home. Five studies only measured cortisol at child care. The me-
dian for the number of saliva collection days at child care was 2 days
(SD = 6.80, range = 1-30, k = 26) and for the home setting 1.85 days
(SD = .75, range = 1-4, k = 20). The most common instrument to collect
saliva was the cotton dental roll, which was used in 14 studies. Chem-
ical stimulants were administered in nine studies, to stimulate saliva
flow before saliva collection. While most studies did not report on the
time it took to collect the saliva, the studies that did (k = 11) mostly
collected saliva during 1-3 min. In less than half of the studies, authors
were not precise about the procedural aspects they took into account
when collecting saliva. Of the studies that reported about these aspects,
10 studies made sure children did not eat 30 min before collection, eight
did the same for drinking, eight for sleeping and two for physical activ-
ity. Individual saliva samples were excluded mostly on the basis of child
medicine use and insufficient saliva. In many cases (k = 21), the values
for saliva were transformed because of a skewed distribution. In total,
14 studies reported explicitly that outliers were removed or winsorized
before the analyses.

3.1.5. Correlates

Regarding the included correlates for cortisol change over the day,
14 studies measured child temperament, 17 studies were available for
child care quality, 7studies for group size and 8 studies for hours at
child care. Except for one study, child temperament was measured with
a questionnaire filled in by the parent and/or professional caregiver.
Child care quality was mostly observed at the group level by one or more
of the researcher(s). The majority of constructs showed high internal
reliability. Most studies reported that the participating child care centers
were of moderate to high quality, although there were some exceptions
(Hatfield et al., 2013; Park & Choi, 2009; Vermeer et al. 2010).

3.2. Outcomes of the meta-analyses

In Table 3, an overview of the results of the different meta-analyses
is displayed. In order to explain the heterogeneity found for some groups
of studies, several moderator analyses were performed. Since the sensi-
tivity analysis yielded no significantly different effect sizes, the modera-
tor analyses were only carried out once per analysis with the estimated
correlations. The summary of the categorical moderator analyses can
be found in Table 4. Since one study (Bernard et al., 2015) included
children who attended primary school (34 of the 168 children varying
from 5 to 8 years), we performed all analyses below (if applicable) both
with and without the results of this study, but this did not yield different
outcomes.
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Table 3
Overview of the results of the meta-analyses.
K N Effect size® 95% CI Q

Mid-morning 22 1243 -.05 [-0.23, 0.12] 121.09*
Mid-afternoon 20 1093 .38° [0.23, 0.53] 69.65"
Cortisol change 20 1093 .35" [0.19, 0.51] 90.33*
Child care quality 17 1420 -.05 [-0.15, 0.04] 43.32"
Child temperament 13 1059 .01 [-0.05, 0.06] 11.66
Group size 7 636 .06 [-0.05, 0.17] 9.56
Hours at child care 8 784 15" [0.04, 0.26] 15.91"
* p<.05.
** p <.001.

a = for the first three rows, the effect size is the combined Hedge’s g; for the
last four rows, the effect size is the combined corelation.

3.2.1. Cortisol levels at child care versus home and moderators

Mid-morning cortisol. The first meta-analysis on the difference be-
tween the mean mid-morning cortisol value at child care versus home
(k = 22, N = 1243) yielded a non-significant combined Hedge’s g of -
.05, p = .563 (see Fig. S2 for the forest plot). The first subsample of the
study by Lumian et al. (2016) was an outlier, but when this study was
left out, comparable results were obtained (Hedge’s g = .02, p = .607).
The combined effect size was still non-significant when a correlation
of .0 or .8 for cortisol values between child care and home was used
(Hedge’s g = —.05, p = .574 and Hedge’s g = —.04, p = .604, respec-
tively). In sum, the results did not point towards a difference between
mid-morning cortisol values at child care versus home. The Q-statistic
was significant, indicating that the studies could be considered hetero-
geneous (p < .001). However, none of the potential moderators was
significant.

Mid-afternoon cortisol. The meta-analysis on the difference between
the mean mid-afternoon cortisol values at child care versus home
(k = 20, N = 1093) yielded a small to medium combined Hedge’s g
of .38 (p < .001), indicating that the mid-afternoon cortisol values were
higher at child care than at home (within-child; see Fig. 2 for the forest
plot). When the analysis was performed with a child care-home cor-
relation of .0 or .8, combined effect sizes were comparable (Hedge’s
g = .38, p < .001 and Hedge’s g = .35, p < .001, respectively). Duval
and Tweedie’s trim and fill method did not indicate publication bias.
Furthermore, Rosenthal’s fail-safe number demonstrated that 446 stud-
ies with an average sample size and average effect size of 0 would be
needed to bring the p-value to non-significance, showing the result to be
quite robust. The Q-statistic showed that the studies were heterogeneous
(p < .001). Country was a significant moderator: the studies carried out
in the United States (Hedge’s g = .54, p < .001, k = 11, N = 577) as
well as the studies conducted in countries other than the United States
(Hedge’s g = .20, p =.042, k =9, N = 516) showed that cortisol values in
the afternoon were higher at child care compared to home. However, the
combined effect size for the studies from the United States was signifi-
cantly higher (p = .015). The method of saliva collection moderated the
outcome as well: the difference in afternoon cortisol at child care versus
home was only significant for studies that used cotton dental rolls to
measure saliva (Hedge’s g = .52, p < .001, k = 13, N = 724) and not
for studies that used other devices (Hedge’s g = 0.13, p = .350, k = 7,
N = 362), and this difference was significant (p < .001). There were no
other significant moderators.

Cortisol change from mid-morning to mid-afternoon. The combined
Hedge’s g for the meta-analysis on the difference between the corti-
sol change from mid-morning to mid-afternoon at child care versus
home (k = 20, N = 1093) was .35 (small to medium), p < .001. The
forest plot is displayed in Fig.3, where a positive effect size indicates
that the cortisol change from mid-morning to mid-afternoon was higher
at child care compared to home (within-child). The first subsample of
Lumian et al. (2016) again had a high standardized z-score of 4.55. Re-
moving this study from the analysis changed the outcome slightly, but
the significance of the effect did not change (Hedge’s g = .27, p < .001).
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Table 4
Overview of the results of the categorical moderator analyses.
Moderator Q Category k N Effect size®
Mid-morning Age group(s)® 2.10 Younger children® 13 652 .05
Older children® 8 462 -.23
Country 212 United-States 12 660 .08
Other than US 10 583 -.14
Research design 2.06 Cross-sectional 18 964 -.09
Longitudinal 4 279 .19
Type of care 0.00 Center-based care 19 1092 —-.04
Home-based care 3 151 -.03
Method of saliva collection  0.06 Cotton dental roll 15 873 -.07
Other 7 362 —-.02
Mid-afternoon Age group(s)” 2.97 Younger children® 11 565 27+
Older children® 8 399 .55%*
Country 5.96 United-States 11 577 .54
Other than US 9 516 .20
Type of care 0.95 Center-based care 17 942 41"
Home-based care 3 151 .20
Method of saliva collection ~ 7.77 Cotton dental roll 13 724 0.52*
Other 7 362 0.13
Cortisol change Age group(s)® 4.76" Younger children® 11 565 .20
Older children® 8 399 .58*
Country 7.97 United-States 11 577 .55
Other than US 9 516 13
Type of care 0.62 Center-based care 11 942 .38
Home-based care 3 151 .19
Moderator Q Category k N Effect size®
Method of saliva collection  5.30° Cotton dental roll 13 724 0.48"
Other 7 362 0.11
Child care quality Age group(s) 1.64 Younger children® 9 478 .01
Older children® 8 942 -11
Country 0.57 United-States 8 751 -.09
Other than US 9 669 —-.02
Type of care 4.40 Center-based care 14 1204 -.01
Home-based care 3 216 -.27"
Covariates 3.59 No 10 1038 .02
Yes 7 838 -.16
Method of saliva collection  0.36 Cotton dental roll 8 666 —-.02
Other 9 754 -.08
Hours at child care  Age group(s) 0.17 Younger children® 4 274 12
Older children® 4 510 17
Country 0.52 United States 3 391 .19*
Other than US 5 393 .10
Method of saliva collection ~ 0.43 Cotton dental roll 3 336 0.10
Other 5 448 0.18*

* p < .05.
* p < .001.

a = for the first three meta-analyses, the effect size is the combined Hedge’s g; for the last two meta-

analyses, the effect size is the combined corelation.

b = one study (Bernard et al., 2015) was excluded in this analysis, because the study includes all three

age groups.

¢ = younger children: studies that included only infants, only toddlers or a combination of both infants
and toddlers; older children: studies that included only preschoolers or a combination of both toddlers and

preschoolers.

Duval and Tweedie’s trim and fill method was implemented and did not
reveal publication bias. Moreover, Rosenthal’s fail-safe number showed
the outcome was robust: 378 average null studies would be required
to bring the total effect size to non-significance. The combined Hedge’s
g’s for the nine different correlations as described in the Method var-
ied from 0.30 to 0.59 (see Table 2 in the Supplementary Materials for
the complete overview). All effect sizes were significant, but the abso-
lute value for Hedge’s g varied somewhat. Fig. 5 shows the mean cor-
tisol pattern from mid-morning to mid-afternoon in both the child care
and the home setting, for illustrational purposes. The Q-statistic was
significant as well (p < .001). Child age, country, and method of saliva
collection were significant moderators. For child age, the studies that
included younger children (infants, toddlers or a combination of both
infants and toddlers) did not find a higher cortisol increase over the day
at child care (Hedge’s g = .20, p = .067, k = 11, N = 565), while the
studies that included older children (preschoolers or a combination of
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both toddlers and preschoolers) did (Hedge’s g= .58, p < .001, k=8, N
= 399). This difference was significant (p = .029). Furthermore, studies
that were carried out in the United States showed significantly higher
cortisol increases over the day at child care compared to home (Hedge’s
g=.55,p<.001, k=11, N = 577), while studies that were carried out
outside of the United States did not find different cortisol patterns over
the day (Hedge’s g = .13, p = .236, k = 9, N = 516). The difference in
effect size between studies from the United States and other countries
was significant (p < .005). The method of saliva collection moderated
the outcome as well: the difference in cortisol change over the day at
child care versus home was only significant for studies that used cotton
dental rolls to measure saliva (Hedge’s g=.48,p < .001, k=13, N=724)
and not for studies that used other devices (Hedge’s g = 0.11, p = .387,
k = 7, N = 362), and the difference was significant (p < .001). Year
of publication and type of care did not explain the variance between
studies.
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Study name Time point Statistics for each study Hedges's ¢ and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Albers et al. (2016) Combined  0.261 0149 0022 -0031 0553 1752 0.080 1
Bemard et al. (2015) Combined  0.338 0110 0012 0123 0554 3.081 0002 1+
Dettling et al. (1999) Blank 0.317 0.167 0.028 -0.010 0.645 1.901 0.057 —D—
Dettling et al. (2000) Blank 0.076 0260 0068 -0433 0585 0.203 0769 —_—
Drugli et al. (2018) Blank 0.556 0138 0019 0285 0827 4.025 0.000 —A
Eckstein-Madry et al. (2020) Blank 0.358 022 0052 -0.089 0804 1569 0.117 —{—
Groeneveldetal (20102)  Blank 0.158 0255 0065 -0.342 0658 0.619 0536 —t+ 00—
Groeneveldetal (2010b)  Blank 0.24 0172 0030 -0213 0461 0.721 0471 ——
Guanar et al. (2010) Blank 0299 0113 0013 0077 0521 2.67 0008 {1
Lumian et al. 20162) Blank 1270 0212 0.045 0854 168 5.981  0.000 —+0—
Lumian et al. (2016b) Blank 0.940 0159 0025 0628 1253 587  0.000 —+
Ousllet-Morin et al. (2010)  Combined  0.351 0112 0013 0131 0571 3131 0002 g
Sumner et al. 2010) Blank 0.717 0.201 0041 0322 LIl 3.562 0.000 —{
Tervahartiala et al. 2019)  Blank 0,062 0123 0015 -0303 0179 -05035 0615 —{}
Vermeer et al. (20102) Blank 0295 0185 0034 -0.658 0067 -15% 0.111 —
Vermeer et al. (2010b) Blank 0.381 0237 0.056 -0.084 0846 1.605 0.109 +—1F—
Watamura et al. (2002) Blank 0306 0382 0146 -0442 1055 0.801 0423 .
Watamura et al. (20032) Blank 0.251 0312 0097 -0361 0862 0.804 0421 0
Watamura et al. (2003b) ~ Blank 0.632 0277 0077 0139 1226 2461 0014 —{—
Watamura et al. (2009) Blank 0.650 0183 0034 0201 1009 3.546 0.000 — 1
0.381 0075 0006 0233 0529 5049  0.000 D
-2.00 -1.00 0.00 1.00 2.00
Fig. 2. Forest plot for mid-afternoon cortisol at child care versus home.
Study name Time point Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Albers et al. 2016) Combined  -002 0140 0020 -0304 0245 -0210 0834 —{}
Bernard et al. (2015) Combined 0.2 0103 0011 0090 0495 2830  0.005 -+
Dettling et al. (1999) Blank 0.400 0162 0026 0081 0718 2460 0.014 — 1
Dettling et al. (2000) Blank 0.186 0251 0063 -0.306 0678 0740 0459 —0—
Drugli et al. (2018) Blank 0.377 0128 0016 0127 0627 2957 0.003 —{1
Eckstein-Madry et al. 2020) Blank 1215 0214 0046 -0205 0634 1003 0316 —+{0—
Groeneveldetal. 2010a)  Blank 0.145 0244 0060 -0334 0625 0.5 0552 —{—
Groeneveldetal. (2010b)  Blank 0.209 0.166  0.028 -0.116 0535 1260 0208 1
Guanar et al. (2010) Blank 024 0108 0012 0013 0435 2.083 0.037 millg
Lumian et al. (20162) Blank 233 0284 0081 1676 2790 7.857  0.000 —
Lumian et al. (2016b) Blank 0.812 0147 0022 0524 109 551  0.000 —
Ouellst-Morinetal. (2010) Combined  0.145 0104 0011 -0058 0340 1307 0162 {7+
Sumner et al. (2010) Blank 0.926 0206  0.042 0522 1330 4491  0.000 —{—
Tervahartiala et al. (2019)  Blank 0.093 0118 0014 0138 0325 0791 0429 |+
Vermeer et al. (20102) Blank 015 0175 0030 -0492 0.192 -0860 0390 —
Vermeer et al. (2010b) Blank 0.138 0220 0049 -0204 0570 0.6 0.531 —{—
Watamura et al. (2002) Blank 0474 0380 0145 0271 1220 1247 0212 {1
Watamura et al. (20032) Blank 2002 0294 0086 -0605 0548 -0.097 0923 —
Watamura et al. 2003b)  Blank 0.436 0250  0.062 -0.054 0925 1745  0.081 +—00—
Watamura et al. (2009) Blank 0.438 0167 0028 0111 0765 2.63 0009 —{1—
0350 0082 0007 0190 0510 4279  0.000 L 2
2,00 -1.00 0.00 1.00 2.00

Fig. 3. Forest plot for cortisol change from mid-morning to mid-afternoon at child care versus home.

3.2.2. Correlates of cortisol levels at child care and moderators

Child care quality. The 17 studies on the correlation between child
care quality and the increase in cortisol from mid-morning to mid-
afternoon at child care (N = 1420) yielded a non-significant combined
effect size (r = —.05, p = .254; see Fig. S2 for the forest plot). Separate
analyses on the subscales process quality (e.g., caregiver-child interac-
tions, k = 8) and global quality (k = 13) yielded non-significant results
aswell (r=-.10,p=.119 and r = —.06, p = .252, respectively). Overall,
child care quality did not seem to be related to the cortisol change over
the day at child care. The Q-value showed studies were heterogeneous
(p < .001). Type of care moderated the outcome, with the correlation
being significant for the studies that included only home-based child
care (r = —.27, p = .017, k = 3, N = 216) and not significant for the
studies that included (mainly) center-based child care centers (r = -.01,
p =.813, k =14, N =1204), which differed significantly (p = .036). This
indicates that the correlation between lower child care quality and cor-
tisol increase over the child care day was present only for studies that

included home-based child care settings. Country, year of publication,
child age, the inclusion of covariates, and the method of saliva collection
did not moderate the outcome.

Child temperament. The combined effect size for the correlation be-
tween child temperament and the cortisol change at child care (k = 13,
N = 1059) was not significant (r = .01, p = .657; see Figure S3 for the
forest plot). Analyses on different subscales yielded non-significant re-
sults as well: negative affect (k =7, r = .05, p = .418), angry-aggressive
temperament (k = 6, r = .04, p = .547) and anxious-withdrawn tem-
perament (k = 6, r = .05, p = .338). The results indicated an absence
of an association between child temperament and cortisol increase over
the day at child care. The Q-value showed studies were homogeneous
( = .473).

Group size. The seven studies on group size in association with corti-
sol change (N = 636) showed a combined non-significant effect size of
r=.06 (p =.271), see Figure S4 for the forest plot. The results indicated
that group size and cortisol increase over the day at child care did not
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Mid-morning Mid-afternoon

Home = — Child care

Fig. 4. Forest plot for the correlation between cortisol increase and hours at
child care.

correlate. The Q-value was not significant either, implying that studies
were homogeneous (p = .145).

Hours at child care. The combined effect size for the eight stud-
ies on the correlation between hours at child care and cortisol change
(N =784) yielded a significant but small effect size of r= .15 (p = 0.010).
The more hours the child spent at child care (per day, week or month),
the higher the cortisol increase from mid-morning to mid-afternoon (see
Fig. 4 for the forest plot). The trim and fill method did not demonstrate
publication bias and Rosenthal’s fail-safe number indicated that 24 addi-
tional studies with an average sample size and effect size of zero would
be needed to bring the p-value to non-significance, which indicates the
outcome was rather robust. The Q-value was significant (p = .026),
which indicates that the effect size varied significantly between stud-
ies. However, no significant moderators were found.

4, Discussion

Out-of-home child care is more used and valued than ever, partly
because of the recent pandemic, which showed us clearly that accessi-
ble and high-quality out-of-home child care is vital to keep our societies
functioning. The current study was an extension of two previous meta-
analyses (Geoffroy et al., 2006; Vermeer & Van [Jzendoorn, 2006). We
not only included more studies but also added meta-analytical evidence
with regard to potential correlates and moderators, since it is relevant
to study whether and under what conditions young children’s cortisol
levels are elevated at child care. In the first series of meta-analyses, the
within-child differences in cortisol levels between the child care setting
and the home environment were investigated. As expected, no differ-
ences were found for the mid-morning cortisol values. Furthermore, re-
sults showed that both the mid-afternoon cortisol values and the cortisol
increase from mid-morning to mid-afternoon were higher on child care
days than on days that children were at home, with small to medium
effect sizes. On average, an increase in cortisol over the day was found
for the child care setting, as opposed to a decrease for the home setting.
Furthermore, the within-child differences between settings were moder-
ated by child age, country, and method of saliva collection. Regarding
the correlates, we found a positive association between hours at child
care and cortisol change over the day. Furthermore, a negative relation
between child care quality and cortisol change was found, although only
for studies that included home-based child care settings. Child temper-
ament and group size were not associated with cortisol increases.

4.1. Cortisol levels at child care versus home

The higher cortisol levels at child care versus home that we found
correspond with the outcomes of the former meta-analyses, and the
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effect sizes of the current study lie in between the effect sizes found
in these earlier studies (Geoffroy et al., 2006; Vermeer & Van [Jzen-
doorn, 2006). Some general explanations for this higher cortisol secre-
tion in child care compared to the home setting are the potential stress-
fulness of the separation from parents and the complex interactions with
peers and professional caregivers, as being separated from their parents
and navigating in a room full of varying adults and peers are major de-
velopmental tasks for all young children (Vermeer & Groeneveld, 2017).
Another related explanation might be that higher cortisol levels in the
afternoon and the accompanying increase over the child care day may be
attributed to child allostatic overload, which is the physiological accu-
mulation of exposure to stress, when the demands exceed what the body
can cope with. However, cortisol was measured mid-morning and there-
fore we could not study the immediate reactions to arriving at the child
care center. The difference between the mid-morning and mid-afternoon
values between settings is nonetheless striking. Since all mentioned fac-
tors are inherent to out-of-home child care and therefore difficult to
disentangle and avoid, these explanations remain tentative, and do not
truly add to our understanding. Therefore, it is interesting to look at
correlates and moderators, now that we have confirmed the difference
in cortisol secretion between the child care and home setting.

4.2. Moderators of cortisol levels at child care versus home

With regard to the moderators, the analyses showed that child age
moderated the outcomes for the diurnal cortisol change score. Studies
that included younger children (infants, toddlers or a combination of
both infants and toddlers) did not find a higher cortisol increase over
the day, while the studies that included older children (preschoolers or
a combination of both toddlers and preschoolers) did. This finding re-
sembles one of the earlier meta-analyses (Geoffroy et al., 2006). The
moderating role of children’s age on cortisol secretion in child care has
been suggested to be related to social interaction. For infants, interac-
tions with peers are rare, and while school-aged children have gained
some social skills to handle social interactions, these are still limited
in toddlers and preschoolers. This might lead to a curvilinear relation
between child age and cortisol (Geoffroy et al., 2006; Vermeer & Groen-
eveld, 2017; Vermeer & Van IJzendoorn, 2006), with cortisol levels
peaking for toddlers and preschoolers (Vermeer & Groeneveld, 2017).
In the current study, we could only make a general distinction be-
tween studies that included younger (infants, toddlers or a combina-
tion of both infants and toddlers) and studies that included older chil-
dren (preschoolers or a combination of both toddlers and preschoolers).
Studies including children with a more defined age range are needed
to examine this curvilinear hypothesis. The higher cortisol increases
for older children could also be attributed to other variables, such as
hours in care and the amount of experience in care (Geoffroy et al.,
2006; Watamura et al., 2003), and less frequent but more scheduled
napping time. Indeed, it was found that cortisol decreases when chil-
dren are sleeping or only resting (Watamura et al., 2002), so this might
also have driven the different results for both age groups. Moreover, it
should be noted that the study of cortisol secretion in infants has some
particular challenges due to infants’ early-staged biological maturation
(Tollenaar et al., 2010; Tryphonopoulos et al., 2014), which makes their
cortisol levels somewhat difficult to compare directly to cortisol secre-
tion in older children (toddlers and preschoolers). Therefore, it seems
too soon to conclude that younger children experience less stress in child
care.

The outcome for diurnal cortisol change was also moderated by
country: the studies that were carried out in the United States showed
that children displayed significantly higher cortisol increases over the
day at child care compared to home, while the studies that were con-
ducted outside of the United States did not find this difference. Since
many studies conducted in the United States also included relatively
older children, the relation with country might be an artefact driven by
the above-mentioned moderator effect of child age. However, country
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Study name Outcome Statistics for each study
Lower Upper
Correlation  limit  limit
Park & Choi (2009) day 0.360  0.191  0.508 4.024
Drugli et al. (2018) day 0.083 -0.104 0264  0.869
Vermeer et al. (2010a) week 0.140 -0.226 0.471 0.746
Vermeer et al. (2010b) week 0.171 -0.240 0.530 0.810
Gunnar et al. (2010) week -0.059 -0.219  0.104 -0.706
Vaillancourt et al. (2018)  week 0.084 -0.068 0.232 1.085
Lumian et al. (2016b) week 0325  0.111 0.511 2.924
Tervahartiala et al. (2019) month 0.122  -0.071  0.305 1.241
0.148  0.036 0.256 2.589
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Fig. 5. Mean cortisol change (in pg/dl) from mid-morning to mid-afternoon for the child care and home setting.

(and not child age) was also found to be a moderator of mid-afternoon
cortisol: although both studies carried out in the United States and stud-
ies that were conducted elsewhere showed higher cortisol values in the
afternoon at child care, this effect was significantly higher for the studies
from the United States. In the United States, it is common for children
to attend full-time child care (Alexander & Network, 2005), whereas
this is less common for children in some other included countries (such
as the Netherlands). The long hours at child care in the United States
could partly explain the difference, considering the significant correla-
tion between hours at child care and cortisol increase that we found.
Another explanation might be that in the United States, the emphasis in
child care settings seems to lie more on educational goals than in Eu-
rope. The accompanying educational activities that are implemented to
reach these educational standards could be more demanding for children
and subsequently result in higher cortisol levels. Indeed, Bassok et al.
(2016) found that academic expectations in child care centers have in-
creased between 1998 and 2010 in the United States.

The moderation of outcomes by method of saliva collection was
surprising. Cotton devices are nowadays less used than synthetic de-
vices (Puhakka & Peltola, 2020), mostly because it is thought that the
molecular structure of cotton might interfere with the immunoassay
(Tryphonopoulos et al., 2014). However, this does not explain why we
found a difference between the child care and home setting for stud-
ies that used cotton devices in both settings and studies that used other
devices. However, cotton dental rolls are in general less reliable, and
therefore might have resulted in a difference between settings by co-
incidence. Furthermore, the significant difference between settings for
cotton dental rolls could be a result of confounding factors, such as child
age and country (the other moderators).

4.3. Correlates of diurnal cortisol change at child care

We also studied specific correlates that could explain the variance
in cortisol levels at child care. The meta-analysis on the association be-
tween hours at child care and cortisol increase over the day showed
a small effect. The combined studies reported a positive association of
cortisol increase with hours at child care, but the individual studies dif-
fered in the way they measured the amount of hours. Therefore, it is
not exactly clear yet what matters most regarding elevated cortisol lev-
els: how many hours per day the child attends the child care setting
or how many hours per week or even per month. All quantities could
explain the correlation, since allostatic overload, as mentioned before,
might play a role both on a daily and on a weekly basis. Lumian et al.
(2016a) found that children attending full-day child care showed higher
cortisol increases over the day compared to children attending half-day
child care and the same result was found for children attending full-time
child care versus children attending part-time child care (Lumian et al.,
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2016b). However, this was only tested between and not within children.
It seems that children attending half-day child care have the opportu-
nity to recover in the afternoon and children attending part-time child
care have the opportunity to recover on home days.

The meta-analysis on child care quality did not show a significant re-
lation with cortisol increase. However, when type of care was included
as a moderator, the relation between quality of care and cortisol increase
was significant for studies with home-based child care settings and not
for studies that included center-based child care. This result needs to
be interpreted cautiously though, since only three studies into home-
based child care were included. A speculative explanation for this find-
ing could be that in home-based child care settings, most of the time only
one or two caregivers are present, who therefore determine the qual-
ity of the setting for a larger part. In center-based child care, multiple
caregivers are responsible, which might lead to less overall variation in
child care quality for center-based compared to home-based child care.
However, quality measures are mostly designed for center-based child
care settings, and results are therefore hard to compare. Moreover, both
child care settings differ in more respects, and therefore the reasons be-
hind these findings are probably more complex, with other factors (e.g.,
other regulations, smaller group sizes, lower mean child age in home-
based care compared to center-based care) playing a confounding role.
The fact that a main effect for child care quality was absent, is how-
ever a remarkable result, since earlier reviews concluded that child care
quality seems to matter, based on the studies conducted so far. It might
be that limited variance in child care quality was responsible for the ab-
sence of significant results in the current meta-analysis, as most studies
included child care centers of moderate to high quality. Furthermore,
a large portion of the used instruments measuring child care quality
is focused on structural quality (e.g., space and furnishings) and not so
much on process quality (e.g., child-caregiver interactions), with the lat-
ter being more directly linked to child outcomes. This makes caution in
interpreting the results related to child care quality even more impor-
tant.

According to the current meta-analysis, an association between child
temperament and an increasing cortisol pattern in child care is absent.
It is possible that having a more difficult temperament only acts as a
moderator, for example between child care quality and cortisol (Pluess
& Belsky, 2009), or is not related to cortisol increase over the day, but
to higher absolute levels, which could not be investigated in the current
study.

The correlation between group size and cortisol increase was not
significant either. Speculatively, it could be that the total number of
adults at the child care group is most influential, which translates into
the child-caregiver ratio. Although one can argue that more caregivers
(a lower child-caregiver ratio) allow for more personal attention per
child (e.g., De Schipper et al., 2006), too high a number of adults can
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have a negative effect on received caregiving due to the “displacement
effect”, which has been described as the risk for professional caregivers
to focus more on interactions with each other than on interactions with
the children (Vermeer et al., 2010). Therefore, the lack of a significant
result could also be the consequence of a curvilinear relation between
group size and cortisol secretion.

Finally, as the mean child age for the study samples together was
rather low (M = 2.79 years), this could have influenced all findings sub-
stantively, as child care settings for younger children (infants) differ in
multiple aspects (e.g., group size, schedule, and napping times) from
child care settings for toddlers and preschoolers. This intertwining of
child age and other substantial factors should therefore be kept in mind
when interpreting the results.

4.4. Limitations and future directions

Although the current study contributes to the ongoing scientific dis-
course, some limitations are worth mentioning. First, not all relevant
studies could be included because not all authors reported the informa-
tion we needed and were unable to or did not deliver the information
on request. We therefore tried to find a balance between being too strict
and too inclusive when selecting studies. Second and related to this,
dissimilarities across studies made it difficult to compare effect sizes.
However, we made conservative choices when in doubt, although the
exclusion of incompatible articles might have led to inadequate power
to detect certain associations and differences for the correlational and
moderator analyses. Therefore, larger meta-analyses with future studies
will be necessary in order to be able to draw firmer conclusions.

Furthermore, although the within-child design of this study has
many advantages, it does not allow for comparisons with children that
are full-time cared for at home. By making this comparison, we could
gain more insight into whether the cortisol levels of children attend-
ing out-of-home child care on home days are comparable to the cortisol
levels of children that do not attend out-of-home child care at all. This
would subsequently give us more information on whether children’s cor-
tisol levels return to baseline or whether levels remain slightly elevated
(or less decreased) when children are at home, after the child care day
ends or on another day.

Regarding future research, we require more studies in more different
countries to test the cross-cultural validity of the outcomes. Addition-
ally, we should try to include child care settings with a larger variety in
child care quality. It might be challenging to find settings of low quality
willing to participate in research, but we should persist in this endeavor
when the experiences of children in settings of lower quality are now
largely overlooked in most studies.

In order to unravel potential long-term consequences of elevated
cortisol levels in out-of-home child care, longitudinal studies should be
given priority as well, such as the study by Roisman et al. (2009) that
found more experience in center-based child care in the first three years
of life to uniquely predict a lower cortisol awakening response at age 15.
The same holds for experimental studies, in which the causes of elevated
cortisol levels could be closely examined by changing certain aspects of
the child care setting while keeping all other factors constant, which was
done for example in the study by De Schipper and colleagues (2006),
by altering the child-caregiver ratio. Of course, researchers should
make careful ethical considerations when designing experimental
studies.

Additionally, we want to stress the importance for future studies into
this topic to include as much information on sample characteristics (e.g.,
group size and stability) and methods as possible and to control for con-
founding variables (e.g., eating and napping times), since this benefits
and stimulates replication and overview studies. Moreover, additional
information on the home circumstances of participating children in cor-
tisol studies would be important to include (e.g., SES, attachment), since
this allows for comparing stress at the home versus child care setting
more meaningfully.
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Studying interactions between child care characteristics, such as
hours at child care and child care quality, is also vital for understanding
the complex interplay of factors. Broekhuizen et al. (2017) for example
found children spending 3.5 days or more in high quality child care cen-
ters to show lower levels of externalizing behavior problems one year
later. Other potentially important variables to study in relation to chil-
dren’s physiological stress at child care are peer sociometric status, the
qualifications of professional caregivers, and the structure of activities
throughout the day. As these variables are now not very often included
in studies but are theoretically plausible, this is an important direction
for future research as well.

More studies into different settings in which the child is cared for by
others than the parent, such as home-based child care or a one-on-one
babysitter, could also be a valuable addition. This was for example done
in a recent study by Tervahartiala and colleagues (2019), who found
that overall cortisol levels were higher for the in-house child care group
than for the out-of-home child care group (Tervahartiala et al., 2019).
Finally, since the method of saliva collection was a significant modera-
tor, researchers should carefully select their method of collection.

When considering the practical implications of the outcomes of the
current study, we should first and foremost ask ourselves whether ele-
vated cortisol levels are necessarily problematic, since not all elevations
are clinical and therefore biologically significant (Gunnar et al., 2010).
However, the consistently reported higher cortisol levels and cortisol
increases in child care compared to home are robust and deserve our
attention, although effect sizes are small to moderate. On the basis of
the current paper, we would suggest parents and practitioners to con-
sider half-day and/or part-time child care, when possible, to alleviate
the burden on the child’s stress system. If part-time care is not possi-
ble, child care centers could opt for more resting or quiet time during
the day or create time-out spaces where children could play on their
own for a while to regain homeostasis. Several studies indicating that
children’s cortisol levels return to baseline levels once they are home
underscore the potential of such an implication (e.g., Watamura et al.,
2009). One should however bear in mind that the effect size for the asso-
ciation between hours at child care and children’s cortisol increases was
small and more research into the ideal quantity for out-of-home child
care (for different groups of children) is highly necessary.

The quest for additional variables co-explaining higher cortisol levels
in child care compared to home therefore continues, since we only found
that hours in care and, in some cases, quality of care were associated
with cortisol increases. Alternatively, a cautious conclusion might also
be that child care can be stressful in itself, and only part of the variance
can be explained by characteristics of the child or the child care setting.

5. Conclusion

The current study meta-analytically reviewed available research on
young children’s physiological reactions to out-of-home child care. The
finding that children show both higher cortisol levels in the afternoon
and larger increases over the day at child care compared to home was
replicated and therefore proved to be robust. Furthermore, the amount
of hours at child care was found to be associated with cortisol increases,
with more hours in care related to larger increases in cortisol at child
care. Type of care, child age, country, and method of saliva collection
moderated part of the outcomes. Although some questions remain unan-
swered, with the results of the current study we have shed light on po-
tential correlates of elevated cortisol levels and implications for future
research, which will increasingly expand our understanding of young
children’s experiences in out-of-home child care, and how we can re-
duce their stress levels in order for them to thrive.
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