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ARTICLE INFO ABSTRACT

Measurement of salivary cortisol is a practical and non-invasive tool for studying stress reactivity to various
types of stressors even in young infants. Whereas studies using physical stressors during the first months of life
Infant have found robust cortisol responses to painful stimuli, research with older infants using psychological stressors
Meta-Analysis (e.g., parental separation) has produced mixed findings, limiting our understanding of potential developmental
:frlg:or changes in cortisol reactivity across infancy. In the present study, we used meta-analysis to systematically in-

vestigate whether psychological stressor paradigms are associated with measurable cortisol responses in infants
under 18 months of age and whether the magnitude of the responses is moderated by the type of psychological
stressor (i.e., separation, frustration, novelty, or disruption of parental interaction), infant age, and other po-
tential moderators. Across 47 studies (N = 4095, age range: 3-18 months), we found that commonly used
psychological stressor paradigms are associated with a small (Hedges’ g = .11) increase in salivary cortisol levels
in typically developing infants. Stressor type moderated the effect sizes, and when effect sizes in each category
were analyzed separately, only the separation studies were associated with a consistent increase in cortisol
following the stressor. Age did not moderate the effect sizes either in the full set of studies or within the separate
stressor types. These meta-analytic results indicate that the normative cortisol response to psychological stres-
sors across infancy is small and emphasize the need for standardized stressor paradigms to assess cortisol re-
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sponses systematically across infancy.

1. Introduction

Given the central role of stress in health and development, there has
been a longstanding interest in charting the typical development and
individual differences in stress reactivity (Gunnar and Quevedo, 2007).
The methodological advancement of measuring cortisol non-invasively
from the saliva has been particularly valuable for quantifying activity of
the hypothalamic-pituitary-adrenal (HPA) axis in infants who are un-
able to subjectively report their stress responses. Salivary cortisol re-
activity in infancy has been assessed in various experimental settings
including physical stressors (e.g., vaccination or blood draw) and psy-
chological stressors designed to trigger negative emotional responses
(e.g., separation from the parent or presentation of novel persons or
objects). Salivary cortisol reactivity is measured as the difference be-
tween a pre-stressor sample and a post-stressor sample collected typi-
cally 20-30 min after the stressor presentation.

Research on children’s cortisol reactivity indicates that the magni-
tude of the salivary cortisol response to stressors appears to decrease
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across infancy and early childhood, and increase again from middle
childhood to adolescence (Gunnar et al., 2009). In studies measuring
infants’ cortisol responses to inoculations across the first two years,
Davis and Granger (2009) observed increases in cortisol in response to
inoculation at 2 and 6 months, but not at 12 and 24 months, while
Gunnar et al. (1996) observed increases at 2, 4, and 6 months, but not
at 15 months. It has been suggested that by the end of the first year, the
infant’s HPA axis becomes buffered as a function of supportive car-
egiving relationships (see Gunnar and Quevedo, 2007, for a review).
The buffered HPA response later in the first year thus represents a
functional equivalent of the hyporesponsive period of stress reactivity
that has been observed in infant rats approximately during postnatal
days 4-14, which functions to protect the immature brain from excess
glucocorticoids during sensitive periods of brain development
(Rosenfeld et al., 1992). In addition to the increasing influence of
caregiver support on cortisol reactivity, a major methodological factor
that may be associated with the observed pattern of decreased cortisol
reactivity across the first year is that after the first months, a vast
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majority of studies have used only psychological stressor paradigms to
trigger cortisol reactivity. In reviews of the literature, both Gunnar et al.
(2009) and Jansen et al. (2010) noted that while physical stressors
generally produced robust increases in cortisol in young infants, studies
using psychological stressors in older infants produced more mixed
results, with many studies failing to show increases in cortisol at the
group level after a psychological stressor. Jansen et al. (2010) averaged
effect sizes from multiple studies and estimated that the average effect
size of studies using physical stressors to trigger cortisol responses was d
= .62 for mild physical stressors and d = 1.10 for painful stimuli. For
psychological stressors, results were much more variable with the
averaged effect sizes ranging from d = —.15 (novelty paradigms) tod =
.37 (separation paradigms).

As psychological stressor paradigms provide opportunities to in-
vestigate infants’ hormonal responses to stressors that they may also
encounter in real life (e.g., separation from the parent), it is important
to systematically investigate to what extent psychological stressors
presented in a laboratory environment trigger cortisol increases in in-
fants and what factors might affect the magnitude of the responses. In
the present study, we used meta-analysis to provide the first quantita-
tive synthesis of studies reporting salivary cortisol responses to psy-
chological stressors in infants between 3 and 18 months of age. Our aim
was to analyze whether infants show a measurable cortisol response to
psychological stressors and whether the magnitude of the responses is
affected by the type of stressor (e.g., separation or novelty), age of the
infant, or other potential moderating factors. For individual differences
research, it is critical to design paradigms that are able to trigger
variable amounts of cortisol reactivity across most infants, rather than
relying on the presence or absence of a response (cf. Roos et al., 2017).
Therefore, we specifically conducted the meta-analyses on data from
normative samples of infants without major risk factors (e.g., preterm
birth or parental substance abuse) to derive estimates of cortisol re-
activity to psychological stressors in typically developing infants. Fur-
thermore, we focused on studies conducted in the laboratory to obtain a
sufficiently standardized set of studies investigating infants’ stress re-
activity in a novel but controlled environment.

In addition to the reviews of the literature on infants’ salivary cor-
tisol responses to various types of stressors (Gunnar et al., 2009; Jansen
et al.,, 2010), only one meta-analysis has been published previously
(Provenzi et al., 2016b). However, Provenzi et al., 2016b focused only
on one type of psychological stressor; disruption of parental interaction
in the Still-Face paradigm (SFP; Tronick et al., 1978), in which the
infant’s interaction with the parent is disrupted by the parent becoming
unresponsive for a brief period. The analysis indicated that, across 10
studies, interaction disruption in the SFP is associated with a small but
statistically significant cortisol increase. As the SFP is typically ad-
ministered to infants only across a narrow age range of 4-8 months, it is
difficult to estimate potential age-related changes in cortisol responses
from the SFP data alone. Therefore, in addition to studies using the SFP,
we included various other types of psychological stressors administered
to infants at various ages, such as separation from the parent, exposure
to novel objects or persons, and frustration caused by blocking the in-
fant’s goal. In addition to the influence of stressor type and age on
cortisol responses, we considered other factors that may moderate the
effect sizes across studies, such as the material of the saliva collection
swab (as synthetic swabs have largely replaced the previously used
cotton swabs), time of day of the saliva collection, and the “warm-up”
time between the infant’s arrival to the laboratory and the baseline
saliva collection (i.e., acclimation period), as there are indications that
infants’ initial cortisol levels decrease if they are given time to famil-
iarize with the novel laboratory environment (Zmyj et al., 2017).
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2. Methods
2.1. Literature search

The literature search was conducted by using PsycINFO and
MEDLINE databases. We searched peer-reviewed articles in the English
language available by July 18th, 2019, with the keywords cortisol and
child* and/or infant* in the title or abstract (the asterisk indicating that
the search contained the word or word fragment). The specific search
term was ”(cortisol ti. or cortisol.ab.) and ((infan$ or child$).ti. or (infan$
or child$).ab.)”. The search produced a total of 5689 articles after re-
moval of duplications. First, titles and abstracts of the articles were
screened to exclude studies that were clearly outside the scope of the
current analyses (e.g., studies with adult or non-human participants,
and studies using physical stressors), which left 252 articles for full text
screening. The full texts were screened using the following inclusion
criteria: the study was conducted in a laboratory setting, a psycholo-
gical stressor was used, the subjects were under 18 months old human
infants who were healthy and did not belong to a high-risk group (pre-
term birth, prenatal substance exposure, major postnatal health pro-
blem, parental psychiatric disorder), and the study included cortisol
measurement from saliva before and after presentation of the stressor.
From studies comparing control and risk groups, data from the control
group was included in the meta-analysis to best reflect cortisol re-
activity in typically developing infants. Fig. 1 describes the study se-
lection process.

In case of duplicate samples (i.e., the same infant providing data for
two or more studies), we chose the largest or most representative study.
Articles in which the same infants were assessed at multiple timepoints,
the first assessment was included with the exception of one study
(Montirosso et al., 2013), where assessments of two separate groups
were included (the control group and the assessment of the first stressor
exposure of the experimental group). In instances where cortisol means
and standard deviations were not reported in the articles, the authors
were contacted for the relevant information. For six articles, the re-
quired values were obtained from the systematic review by Jansen et al.
(2010). Overall, a total of 48 effect sizes from 47 articles were included
in this meta-analysis.

Database search
MEDLINE N = 4960

Database search
PsycINFO N = 2452

4’( N = 1723 duplicates removed
A

N = 5689 Articles screened on basis of
title and abstract for inclusion criteria

N = 5437 excluded

N =252 articles in full-text screening |

N =1 study included
from reference lists

N =205 excluded
» ¢ Inclusion criteria not met
e Duplicate samples

4

N = 48 effect sizes included in the meta-analysis

Fig. 1. Flowchart of the study selection process.
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2.2. Moderators

Stressor type was the most relevant categorical moderator in the
analysis. A total of 18 different stressors were observed in the set of
studies. These stressors were grouped into four categories: 1)
Separation, including studies in which the infant is separated tem-
porarily from the parent (e.g., the Strange Situation Procedure, SSP;
Ainsworth et al., 1978), 2) Frustration, e.g., studies using the Arm Re-
straint Procedure (Stifter and Fox, 1990) in which infants are prevented
to move their arms for a short period of time, 3) Novelty, in which the
infant is presented with a novel situation or object, (e.g., Grunau et al.,
2004), and 4) Interaction Disruption, which includes stressors utilizing
the Still-Face paradigm (SFP; Tronick et al., 1978). The chosen cate-
gories are similar to the categories used by Gunnar et al. (2009) and
Jansen et al. (2010) for the first three. The fourth category (Interaction
Disruption) was added because the usage of this stressor type has in-
creased notably during the last decade (Provenzi et al., 2016b). The
Interaction Disruption studies included in the current analyses used ei-
ther the 3- or 5-episodic SFP. The traditional 3-episodic stressor by
Tronick et al. (1978) consists of a play, still-face, and reunion episodes
(A-B-A), whereas the modified 5-episodic version includes additional
still-face and reunion episodes (A-B-A-B-A; Haley & Stansbury, 2003).
In addition to stressor type, the material of the saliva collection in-
strument (cotton vs. synthetic) and the time of day when the study was
conducted (between 8-12 or 12-18) were added as categorical mod-
erators. Participants’ mean age (in months) was the most relevant
continuous moderator in the analysis. The other continuous moderator
was the duration of the acclimation period (in minutes). Descriptive
information about the studies included in this meta-analysis is pre-
sented in Table 1.

2.3. Meta-analytic procedures

The meta-analyses were performed using the Comprehensive Meta-
Analysis program (CMA, version 3.0; Borenstein et al., 2013). Effect
sizes (Hedges’ g) were calculated for each study as a standardized mean
difference between cortisol levels before and after presentation of
stressor. Increase in cortisol level was defined as a positive effect size.
Hedges’ g was chosen as the effect size because Cohen’s d tends to
overestimate the population effect size especially when the sample size
is smaller than 50 (Cumming, 2012; Lakens, 2013). In terms of inter-
pretation, the effect sizes expressed as Hedges’ g and Cohen’s d are
directly comparable. Means (M), standard deviations (SD) and corre-
lations (r) were primarily used in calculating effect sizes. In cases where
these values were not reported, effect sizes were calculated using the
mean difference (one study) or the correlation coefficient (one study).
Correlations between the cortisol assessment points were seldom re-
ported in the studies, thus we estimated the correlation to be r = .60
based on the studies which reported the coefficient. In the current set of
studies, cortisol was measured 1-2 times before the presentation of
stressor and 1-3 times after the stressor. Cortisol assessment points at
the baseline and 20-30 min after the stressor were chosen to obtain a
comparable set of studies reflecting the typical temporal pattern of
cortisol reactivity (Gunnar et al., 2009).

First, the main analysis including all studies produced a combined
weighted effect size (Hedges’ ) and its 95 % confidence interval (95 %
CI). Statistical testing for heterogeneity of the effect sizes was carried
out using Q-tests. The main analysis was carried out using random-ef-
fects models because of the variation in study practices (Borenstein
et al., 2009; Field and Gillett, 2010). Following this model selection, we
wanted to examine variance of the true effects in addition to the
combined effect size. Estimates of variance (T?) and standard deviation
(T) of the true effect sizes, and proportion of true variance from ob-
served variance (I?) were thus calculated. Finally, we calculated a 95 %
prediction interval (95 % PI) for the combined weighted effect size,
which is the estimated distribution of the true effect sizes around the
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combined weighted effect size. In addition to the p-value of the Q-test,
the certainty of this heterogeneity estimate was examined by calcu-
lating 95 % confidence intervals for 2.

Combined weighted effect sizes were calculated also for the sub-
groups of the categorical moderators. Differences between subgroups
were examined with Q-tests and these analyses were conducted using
mixed-effect models, assuming no common among study variance
across subgroups (Borenstein et al., 2009). Proportion of true variance
of the observed variance (I?) was calculated for each subgroup. Finally,
we calculated 95 % prediction intervals for the combined weighted
effect sizes of each subgroup. Meta-regression was used to examine
effects of the continuous moderators on the effect sizes. Effects of age
and duration of the acclimation period were examined for all effect
sizes and additionally for the stressor type subgroups. Using the CMA
program, we calculated regression coefficients (b) which were tested for
statistical significance (Q) and calculated the proportion of total be-
tween-study variance explained by the model (R?).

Potential outliers were screened by calculating Fisher’s Z-values for
each effect size and standardizing them. No outliers (standardized Z-
value > |3.29|; Tabachnick and Fidell, 2001) were observed. We ex-
amined potential publication bias graphically by observing funnel plots
of the effect sizes against their standard errors. Additionally, we cal-
culated Egger’s t-test (Egger et al., 1997) to examine statistical asym-
metry in the funnel plot and used Rosenthal’s fail-safe method
(Rosenthal, 1991) to estimate the number of missing studies that would
be required to nullify the effect. Finally, we used p-curve-analysis
(Simonsohn et al., 2014) to test whether the distribution of significant
p-values was right-skewed towards smaller p-values, thus indicating
that the published results have evidential value.

3. Results
3.1. Main analysis

The main analysis (N = 4095) revealed a significant combined
weighted effect size that was significantly different from zero (g = .11,
SE = .03, CI [.05, .17], p < .001), indicating that psychological stres-
sors cause a relatively small increase on infants’ cortisol levels.
Heterogeneity across effect sizes was large (Q = 188.78, p < .001) and
had an estimated true variance of T? = .03, CI [.02, .04], and a true
standard deviation of T = .17, CI [.14, .21]. Proportion of true variance
in the total observed variance was high (P = 75.10 %, CI [66.45,
80.73]1). The 95 % prediction interval of the combined weighted effect
size was [-.24, .46]. Effect sizes of each individual study are presented
in Fig. 2 with the forest plots grouped by stressor type.

3.2. Moderator analyses

Combined effect sizes and statistics of the categorical moderators
are displayed in Table 2. Stressor category had a moderation effect
when all four stressor categories were taken into consideration (Q =
8.13,p = .043). When examined separately, only the Separation stressor
type had a mean effect size that differed significantly from zero (g =
.15, p = .001). The Interaction Disruption stressor type was associated
with a marginal effect size (g = .16, p = .051), while the mean effect
sizes for Frustration (g = —.004, p = .91) and Novelty (g = .12,p = .14)
were not significantly different from zero. Within the Still-Face studies
comprising the Interaction Disruption stressor type, task type (i.e., 3- or
5-episodic task) did not moderate the effect sizes (Q = 1.55,p = .21).
Material of the saliva collection instrument (cotton or synthetic) did not
show a moderation effect (Q = .03, p = .87), and the mean effect sizes
were of comparable magnitude between studies using synthetic (g =
.11, p = .010), and cotton materials (g = .12, p = .009). Finally, effect
sizes did not differ as a function of time of day when the data were
collected, Q = .33,p = .57 (8-12: g = .09, p = .002; 12-18: g = .14,p
= .01).
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Table 1
Summary of study characteristics.
Study + year N Age (months) Gender (% Stressor Stressor type Duration of acclimation  Material of the saliva Time of
boys) period (min) collection instrument study
Atkinson et al. (2013) 277 16.95 47.0 SSP Separation 5.0 Synthetic 8-12
Azar et al. (2007) 126 4.38 44.0 ARP Frustration Not reported Not reported 8-12
Beijers et al. (2017) 183 12.39 54.1 SSP Separation Not reported Synthetic 12-18
Bernard and Dozier (2010) 28 15.20 41.0 SSP Separation Not reported Cotton 8-12
Bernard et al. (2017) 155 11.80 Not reported ~ ARP Frustration Not reported Synthetic 12-18
Bosquet Enlow et al. (2014) 35 6.39 54.0 Modified SFP* SF 45.0 Cotton 12-18
Conradt et al., 2015 128 4.39 50.0 Modified SFP* SF Not reported Synthetic 8-12
DiCorcia et al. (2018) 33 3.68 Not reported  Modified SFP* SF 25.0 Synthetic 8-12
Diego et al. (2004) 23 412 47.0 Mock facial Novelty 3.0 Cotton Not reported
expressions
Dismukes et al. (2018) 207 4.00 52.0 SFP SF 15.0 Synthetic Not reported
Eiden et al. (2015) 69  9.00 Not reported  Lab-TAB” Frustration 3.0 Synthetic Not reported
Eiden et al. (2009) 81 7.00 47.0 Lab-TAB" Frustration Not reported Cotton Not reported
Erickson et al., 2013 24 7.03 62.5 Modified SFP* SF Not reported Cotton Not reported
Feldman et al. (2010) 33 5.90 47.2 SFP SF Not reported Cotton 8-12
Frigerio et al. (2009) 106 14.60 55.3 SSP Separation Not reported Cotton 8-12
Goldberg et al., 2003 27  14.10 Not reported  SSP Separation Not reported Cotton 8-12
Grant et al. (2009) 71 7.20 57.7 Modified SFP¢ SF Not reported Synthetic 8-18
Grunau et al. (2004) 22 8.00 59.1 Visual novelty Novelty Not reported Cotton 8-12
paradigm
Gunnar et al. (1992) 38 9.10 58.0 30-min separation Separation Not reported Cotton 8-12
Gunnar et al. (1989) 51 13.00 47.0 SSP Separation Not reported Cotton 8-12
Gunnar and Nelson (1994) 49 11.90 56.0 30-min separation Separation 5.0 Cotton 8-12
Haley (2011) 16 557 61.3 Modified SFP* SF Not reported Cotton 12-18
Hibel et al. (2018) 107 5.90 49.0 ARP Frustration 50.0 Synthetic 12-18
Holochwost et al. (2017) 111 6.00 49.7 Lab-TAB! Frustration Not reported Synthetic 12-18
Huot et al. (2004) 71 6.00 Not reported  Lab-TAB® Frustration 15.0 Not reported Not reported
Kuo et al. (2019) 144 12.00 55.0 SSP Separation Not reported Synthetic 8-18
Larson et al. (1991) 27 9.50 44.4 30-min separation Separation 15.0 Cotton Not reported
Laurent et al. (2017) 73 6.00 37.0 SFP SF Not reported Synthetic 8-12
Laurent et al. (2016) 98 10.01 49.0 Uncertain toy Novelty 3.0 Synthetic 12-18
approach
Lewis and Ramsay (2005) 84  5.90 58.3 SFP SF Not reported Cotton 8-18
Lewis et al. (2006) 56  4.00 48.2 Contingency learning  Frustration Not reported Cotton 8-18
situation
Luijk et al. (2010) 310 14.70 56.5 SSp Separation Not reported Cotton 12-18
Martinez-Torteya et al. 92 11.86 49.5 SSP Separation 20.0 Synthetic 12-18
(2018)
Montirosso et al. (2013)! 37 446 Not reported  Modified SFP* SF 10.0 Cotton 8-18
Montirosso et al. (2013)? 37  4.00 Not reported  Modified SFP* SF 10.0 Cotton 8-18
Nachmias et al. (1996) 77 18.00 51.3 SSpP Separation 5.0 Cotton 8-12
Oberlander et al. (2008) 45  3.00 46.7 Information Novelty 10.0 Cotton 12-18
processing task
O’Connor et al. (2013) 108 16.77 49.0 SSp Separation Not reported Synthetic 8-18
Provenzi et al., 2016a 53 3.31 50.9 Modified SFP* SF Not reported Cotton 8-12
Reck et al. (2013) 49  4.19 64.4 SFP SF Not reported Cotton Not reported
Schuetze et al. (2008) 40  7.00 Not reported ~ Lab-TAB" Frustration 5.0 Cotton 8-18
Seehagen et al. (2015) 12 14.92 46.2 SSp# Separation 40.0 Synthetic 8-12
Spangler and Grossmann 32 12.10 58.5 SSP Separation Not reported Cotton 8-12
(1993)
Spangler and Schieche 106 12.40 Not reported ~ SSP Separation Not reported Cotton 8-12
(1998)
Thomas et al. (2017) 272 6.00 52.2 Lab-TAB' Frustration Not reported Synthetic Not reported
van Bakel and Riksen- 85 15.10 52.0 SSp# Separation 46.0 Cotton 8-12
Walraven (2004)
Waters et al. (2013) 152 12.80 Not reported  Emotional setting Novelty 25.0 Synthetic 12-18
Weisman et al. (2013) 35 5.00 48.6 SFP SF 45.0 Synthetic 12-18

N

= sample size; } =

b
c
d
e

f

control group; 2 =

experimental group (1. exposure); SSP = Strange Situation Procedure (Ainsworth et al., 1978); ARP = Arm Restraint
Procedure (Stifter and Fox, 1990); SFP = traditional 3-episodic Still-Face paradigm (Tronick et al., 1978).
@ 5-episodic SFP (Haley and Stansbury, 2003).

& Modified SSP: interaction with a robot included.

Statistics of the continuous moderators are displayed in Table 3. Age
did not have a moderation effect on effect sizes (Q = .21, p = .65) in
the whole set of studies or when examining the stressor types sepa-
rately. However, the stressor types differed in mean age (Fig. 2) so that

Stressor: puppet-show and the ARP, in which the mother prevents the infant’s play (Lab-TAB; Goldsmith and Rothbart, 1999).
3-episodic SFP, which includes an additional one-minute separation from the mother.
Stressor: 90 s still-face and the ARP, in which the mother prevents the infant’s play (Lab-TAB; Goldsmith and Rothbart, 1999).
Stressor: car seat restraint, 3 loud noises and the ARP.
Stressor: toy removal, toy barrier and the ARP, in which the mother prevents the infant’s play (Lab-TAB; Goldsmith and Rothbart, 1999).

the Separation stressor type consisted of older infants (mean age: 13.59
months), whereas the other stressor types were more similar to each
other regarding age (mean age: 6.71 [Frustration]; 7.59 [Novelty]; 5.13
[Interaction Disruption] months). Duration of the acclimation period had
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Separation
Study + year g p N Age Hedges’ g, 95% CI and 95% PI
Sechagen et al. (2015) 933 .002 12 1492 N E—
Larson et al. (1991) .659 .000 27 9.50 P —
van Bakel & Riksen-... (2004) 570 .000 85 1510 — .
Beijers et al. (2017) .368 .000 183 1239 -
Gunnar et al. (1989) 345 .063 51 13.00 I —
Gunnar et al. (1992) .239 .098 38 9.10 1—m—
Spangler & Grossmann (1993) 204 192 32 1210 [ T —
Goldberg et al. (2003) .195 248 27 14.10 — -
Luijk et al. (2010) 138 .007 310 14.70 E 3
Bernard & Dozier (2010) 119 470 28 15.20 —
Atkinson et al. (2013) .097 072 277 1695
Kuo et al. (2019) .006 929 144 12.00
O’Connor et al. (2013) .000 1.000 108 16.77
Spangler & Schieche (1998) .000 1.000 106  12.40
Martinez-Torteya et al. (2018) .000  1.000 92  11.86
Nachmias et al. (1996) -.011 916 77  18.00
Gunnar & Nelson (1994) —-.089 480 49  11.90
Frigerio et al. (2009) —-.301 128 106 14.60 —
Total .149 .001 1752 13.59
-1.00 -50 .00 .50 1.00
Frustration
Study + year g p N Age Hedges’ g, 95% CI and 95% PI
Hibel et al. (2018) 213 014 107 5.90 —-—
Bernard et al. (2017) 118 100 155 11.80
Thomas et al. (2017) .037 466 272 6.00
Lewis et al. (2006) .030 .801 56 4.00
Huot et al. (2004) .017 871 71 6.00
Eiden et al. (2015) -.017 .873 69 9.00
Holochwost et al. (2017) —-.095 260 111 6.00
Azar et al. (2007) -.100 208 126 4.38
Eiden et al. (2009) —-.165 124 81 7.00
Schuetze et al. (2008) -.190 .099 40 7.00
Total —.004 914 1088 6.71
—-1.00 -.50 .00 .50 1.00

Fig. 2. Effect sizes and forest plot of studies included in meta-analysis grouped by stressor type.

g = effect size (Hedges’ g); 95 % CI = 95 % confidence interval around the effect size; 95 % PI = 95 % prediction interval around the effect size; ' = control group; 2
= experimental group (first exposure). Age is expressed in months. Effect sizes are arranged from largest to smallest from top to bottom. Size of the square represents
the weight of the individual study within the stressor category (larger size equals larger weight) and the horizontal line the 95 % confidence interval. Width of the
diamond shape in the total effect sizes represents a 95 % confidence interval and the horizontal line the 95 % prediction interval.

a positive moderation effect on effect sizes (Q = 6.36, p = .01), that is,
longer acclimation periods were associated with larger effect sizes
(Fig. 3). Duration of the acclimation period explained 29 % of total
between-study variance. When examining the stressor types separately,
duration of the acclimation period significantly moderated the effect
sizes of the Separation (Q = 7.53, p = .006), Novelty (Q = 8.62,p =
.003), and Frustration (Q = 5.72, p = .02) stressor types, whereas the
moderation effect for the Interaction Disruption (Q = 3.68, p = .06)
stressor type was marginal. However, only the Separation stressor type
had an acceptable model fit in terms of goodness-of-fit values, in-
dicating that the moderation analyses for the other stressor types are
not reliable.

3.3. Publication Bias

In the funnel plot, the studies were spread relatively evenly around
the combined weighted effect size, which indicates the absence of a
major publication bias (Fig. 4). Statistical asymmetry in the funnel plot
was not detected (Egger’s t = .75, p = .46) and the number of null
results required to change the combined weighted effect size to non-
significant was notably high (Fail-safe N = 561). The p-curve-analysis
revealed a distinctly right-skewed p-curve, pgy: Z = -7.67, p < .001,
Dhait: Z = —-8.48, p < .001 (Fig. 5), likewise indicating that the results
have evidential value.

4. Discussion

The first aim of the present meta-analysis was to examine to what
extent psychological stressor paradigms presented in the laboratory
trigger increased salivary cortisol responses in infants under 18 months
of age. Cortisol responses were analyzed as the difference in cortisol
concentrations in saliva samples collected before and after the stressor
presentation. As the number of available studies was fairly large, we
were able to analyze potential moderator effects and evaluate the re-
liability of the included studies with estimates of publication bias. We
analyzed whether the magnitude of the cortisol responses is affected by
the type of the stressor paradigm, infant age, and procedural mod-
erators such as the acclimation period upon entering the laboratory. To
be able to estimate the magnitude of cortisol reactivity to psychological
stressors in typically developing infants, the analyses were focused on
data from normative samples of infants without major risk factors.

Across 48 effect sizes from 47 studies (N = 4095), we found that
commonly used psychological stressor paradigms are associated with a
small (Hedges’ g = .11) increase in salivary cortisol concentrations in
typically developing infants, and no indications of selective reporting
were observed. The combined effect size appears to be considerably
smaller than the averaged effect sizes of d = .62-1.10 across studies
using physical stressors in young infants (Jansen et al., 2010) and the
meta-analytic effect size of d = .31 across studies using psychological
stressors in adults (Dickerson and Kemeny, 2004). Estimates of
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Novelty
Study + year g p N Age Hedges’ g, 95% CI and 95% PI1
Waters et al. (2013) 287 000 152 12.80 -
Grunau et al. (2004) 220 236 22 8.00 =
Oberlander et al. (2008) 154 242 45 3.00
Laurent et al. (2016) —.024 187 98  10.01
Diego et al. (2004) -101 576 23 412
Total 121 141 340 7.59 -

—1.00 -.50 .00 50 1.00
Still-Face
Study + year g p N Age Hedges’ g, 95% CI and 95% PI
Haley (2011) 1.124 .000 16 5.57 —
Feldman et al. (2010) 737 .000 33 5.90 1
Conradt et al. (2015) .639 .000 128 4.39 -
Montirosso et al. (2013) .296 .045 37 4.00 ——-
Provenzi et al. (2016) 209 .088 53 3.31 .
Montirosso et al. (2013)" 199 .170 37 4.46 ————
Dismukes et al. (2018) 118 057 207 4.00 HEl-
Lewis & Ramsay (2005) .103 .288 84 5.90 —l—
DiCorcia et al. (2018) .084 .580 33 3.68
Laurent et al. (2017) -.027 811 73 6.00 j.—_
Weisman et al. (2013) —.108 643 35 5.00 =
Grant et al. (2009) 112 286 71 720 —B
Bosquet Enlow et al. (2014) -.113 528 35 6.39 ——
Reck et al. (2013) -.252 .049 49 4.19 —l—
Erickson et al. (2013) —.274 129 24 7.03 |
Total 157 051 915 513 -

-1.00 =50 .00 .50 1.00
Total (combined) .109 .000 4095 8.89 | | —fo—1|

—1.00 -.50 .00 .50 1.00

Fig. 2. (continued)

heterogeneity and prediction intervals indicated considerable varia-
bility in the effect sizes, which made it important to analyze in more
detail whether some factors are associated with more pronounced ef-
fects on infants’ cortisol reactivity.

4.1. Differences between stressor types

We included four most commonly used types of psychological
stressors (separation, frustration, novelty, and interaction disruption) in
the moderation analysis. The same stressor types were also included in
the systematic review by Jansen et al. (2010) with the exception of

interaction disruption studies using the Still-Face paradigm (SFP) which
have markedly increased during the last decade. When all stressor types
were considered together, the moderation test indicated that the
stressor paradigms differed in their ability to trigger increases in cor-
tisol. When examining effect sizes in each category separately, only the
separation studies were associated with a consistent increase in cortisol
following the stressor, with 67 % of the separation studies showing a
positive effect size, closely paralleling the results of Jansen et al. (2010)
(63 %). For other stressor types, the combined weighted effect sizes
ranged from g = —.004 (frustration) to g = .16 (interaction disruption)
and the effect sizes of the individual studies within these stressor types

Table 2
Categorical moderators.
k N g SE 95 % CI (g) T2 T I 95 % CI (1% 95 % PI (g) Qw Q-B
Stressor type 8.13*
Separation 18 1752 15 .05 .01-.24 .02 .15 71.21 % 51.22-80.96 —.19-.49
Frustration 10 1088 .00 .04 -.08-.07 .01 .08 47.81 % -9.05-71.36 -.21-.21
Novelty 5 340 12 .08 -.04-.28 .02 13 57.07 % -15.74-84.08 —.32-.56
SF 15 915 .16 .08 -.00-.32 .08 .28 83.62 % 74.31-89.56 —.46-.78 1.55
3-ep 7 552 .06 .09 -12-.23 .04 .20 77.14 % 52.26-89.05 —.51-.63
5-ep 8 363 .25*% .13 .00-.50 11 .33 83.61 % 69.27-91.26 —.60-1.11
Material .03
Cotton 27 1571 2% .05 .03-.22 .04 .20 71.25 % 56.16-79.66 —-.30—-.55
Synthetic 19 2327 11 .04 .03-.20 .03 .16 80.19 % 68.34-86.19 —.25-.47
Time of study .33
Morning 19 1356 .19+ .06 .10-.31 .05 .23 79.99 % 68.00-86.06 -.32—-.69
Afternoon 12 1413 14 .06 .03-.25 .02 .16 74.89 % 52.24-84.29 —.23-51

k = number of effect sizes; N = total sample size; g = effect size (Hedges’ g); SE = standard error of effect size; 95 % CI (g) = 95 % confidence interval around effect
size; T? = estimated true variance of effect sizes; T = estimated true standard deviation of effect sizes; I* = proportion of true variance; 95 % CI > =95%
confidence ("uncertainty”) interval for proportion of true variance; 95 % PI (g) = 95 % prediction interval around effect size; Q-W = a statistic testing for the
homogeneity within a subgroup; Q-B = a statistic testing for the significance of the contrast between subgroups; 3-ep = 3-episodic SFP; 5-ep = 5-episodic SFP.

* p <.05.
** p <.01.
% p < .001.
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Table 3
Meta-regression statistics for the continuous moderators in the full set of studies
and separately by stressor type.

Age (months)

k N b SE 95 % CI Q R?
Total 48 4095 .00 .01 -.01-.02 21 .00
Separation 18 1752 .02 .02 -.06-.02 1.03 .00
Frustration 10 1360 .01 .02 -.02-.05 .60 .00
Novelty 5 340 .02 .02 -.03-.06 .55 .00
SF 15 915 -.06 .07 -.19-.07 .79 .00
Duration of acclimation period (min)

k N b SE 95 % CI Q R?
Total 22 1880 .01 .00 .00-.01 6.36% .29
Separation 7 619 .02 .01 .00-.03 7.53%* .38
Frustration 5 559 .01 .00 —-.00-.01 5.72% N/A?
Novelty 4 318 .01 .00 .00-.02 8.62%* N/A?
SF 6 384 -.01 .00 -.02-.00 3.68 N/A?

k = number of effect sizes; N = sample size; b = regression coefficient; SE =
standard error of coefficient; 95 % CI = 95 % confidence interval around the
coefficient; Q = statistic testing that the coefficient is zero; R? = proportion of
total between-study variance explained by the moderator; * = the model’s
goodness-of-fit test is non-significant and, therefore, the RZ values are not valid.
* p <.05.
** p <.01.

were distributed fairly evenly around zero. The consistent effect ob-
served in studies using parental separation (most commonly the Strange
Situation Procedure; Table 1) demonstrates that separation from the
attachment figure is one of the major stressors experienced by infants.
By indicating cortisol responses to parental separation at the group
level, the current result parallels previous findings showing heightened
autonomic arousal during the SSP also in avoidantly attached infants
not showing overt distress responses to parental separation (Spangler
and Grossmann, 1993).

The small combined effect size in stressor paradigms using frustra-
tion is in line with the results of Jansen et al. (2010). Compared to other
stressor types, the effect sizes of the frustration paradigms had rela-
tively small variation indicating their weak ability to induce cortisol
reactivity in infants. However, it should be noted that many of the
stressors in this category were part of a stressor battery (e.g., Lab-TAB;

1.40
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Goldsmith and Rothbart, 1999). Thus, even though the post-stressor
saliva collection was often scheduled to reflect peak cortisol following
the frustration component of the battery, it is possible that other
stressors might have influenced the potential cortisol-inducing effects of
the frustration stressor. Regarding studies using novelty as the stressor
type, it should be noted that this category consisted of only few studies
(k = 5) which differed distinctly from each other, hence any conclusive
interpretations regarding this stressor type should await for the accu-
mulation of a larger number of studies using novelty paradigms.

Studies on interaction disruption using the Still-Face paradigm had
the largest combined effect size of the four stressor types, but also the
highest true variance (Table 2). Our analysis found a smaller combined
effect size than Provenzi et al., 2016b in their meta-analysis of studies
using the SFP (d = .24). There were, however, two differences in the
analytical methods between these two meta-analyses which may have
affected the results. First, for the post-stressor measurement point we
always used values taken 20 — 30 min after stressor exposure, whereas
Provenzi et al., 2016b selected the peak cortisol value occurring in any
saliva measurement taken within 10 —40 min after stressor exposure.
Secondly, Provenzi et al.,, 2016b included more than one effect size
from individual studies, whereas we included only one effect size per
study (excluding Montirosso et al., 2013, for which effect sizes from two
separate groups were included). With respect to different types of Still
Face paradigms (i.e., 3- or 5-episodic task), we did not find a significant
difference between task types. Nevertheless, the 5-episodic stressors
had a relatively large combined effect size (g = .25), whereas the
combined effect size of the 3-episodic stressors was small, which to-
gether indicate that the 5-episodic type should be preferred when
studying infants’ cortisol responses to interaction disruption using the
Still-Face paradigm.

4.2. Age-related changes in cortisol reactivity

The results of the present meta-analysis did not indicate that sali-
vary cortisol responses decrease from 3 to 18 months of age as age did
not significantly moderate the effect sizes either in the full set of studies
or within the separate stressor types. However, studies tend to use
specific stressors with certain age groups (Fig. 2), which must be taken
into consideration when examining age-related changes. For 0-3-
month-old infants only mild physical stressors (e.g., inoculation) have
been used (Jansen et al., 2010), which limited our analysis to infants
older than 3 months of age. After the first months, frustration and

1.20
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0.40

Hedges’ g

0.00

-0.20
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30 40 50 60 70
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Fig. 3. Association between the duration of the acclimation period and cortisol reactivity. Each circle represents a study, with a larger radius signifying larger weight
(i.e., a smaller standard error). Two lines around the regression line denote the 95 % confidence interval for the regression line.
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Fig. 5. p-curve obtained from https://www.p-curve.com/ (version 4.06).

interaction disruption are commonly used stressors until 10 months of
age. After the first birthday and until 18 months, only stressors using
separation were available for the current analyses. Therefore, the
variability of psychological stressors across infancy limits our ability to
speculate on potential age-related changes in cortisol reactivity to
psychological stressors. However, it is interesting to note that in the
present dataset, only the separation studies, which were administered
with older infants, were associated with consistent cortisol reactivity.
This could be considered to be at odds with results of the few studies
that presented physical stressors across infancy and showed dampening
of cortisol responses to physical stressors after 6 months of age (i.e., at
12-24 months; Davis and Granger, 2009; Gunnar et al., 1996). To de-
termine whether infants show a similar pattern of change to psycho-
logical stressors, directly comparable psychological stressors should be
applied in a similar manner to a wide age range of infants. Given that
separation from the caregivers is a natural and commonly experienced
stressor, and separation was the only type of stressor associated with
consistent cortisol reactivity, future studies may benefit from using age-
appropriate measures of parental separation across infancy as the psy-
chological stressor for investigating the development of cortisol re-
activity. While the Strange Situation is not directly applicable for use
with younger infants who do not move independently, measurements of
reactivity to parental separation during free play assessments could be
easily administered.

4.3. Other moderators

In line with the results of Zmyj et al. (2017), the analysis of studies
reporting the duration of time between the infant entering the labora-
tory and the pre-stressor saliva sample indicated that cortisol responses
to stressors were larger when the infants were given more time to ac-
climatize to the novel laboratory environment. As information about
the length of the acclimation period was provided by less than half of
the studies, the results should be interpreted with caution. Never-
theless, as this association suggests that initially high cortisol levels
directly upon entering the laboratory may mask some of the effects
triggered by the stressor presentation, in future research it will be im-
portant to strive for more standardized laboratory protocols including
fixed and sufficiently documented acclimation periods. Additional stu-
dies on the effects of varying acclimation periods on cortisol levels are
also needed to ascertain what amount of time, on average, is enough for
cortisol levels to return to a regular level after arrival to the laboratory.

Effect sizes were not affected by the time of day of the saliva col-
lection in the main analysis nor when analyzing stressor types sepa-
rately. Even though in our analysis the included cortisol measurement
points were relatively close to each other (the gap between pre- and
post-stressor measurements was 17-56 min), these results are con-
sistent with studies on the development of the circadian rhythm in
childhood (Gunnar and Donzella, 2002) in which differences in cortisol
levels between the morning and mid-afternoon have not been observed
in children until 4 years of age.

Regarding the influence of different saliva collection instruments,
our analysis did not indicate that using cotton-based instruments results
in systematically lower cortisol levels than when using synthetical
saliva swabs, although such differences have been observed in previous
studies with adults (e.g., Groschl and Rauh, 2006). It should be noted
that we focused on cortisol reactivity and did not compare cortisol levels
in single measurement points between studies. Therefore, it is possible
that differences in cortisol levels caused by collection material are
masked because cortisol reactivity accounts only for the difference
between cortisol measurements within a study and not between studies
using cotton or synthetic instruments. Nevertheless, given that direct
comparisons have indicated differences between synthetic and cotton-
based instruments (Groschl and Rauh, 2006), we recommend system-
atically using synthetic swabs in studies assessing infants’ cortisol.

In the future, it will also be important to investigate with suffi-
ciently large samples whether there are sex differences in infants’ cor-
tisol reactivity, because results from previous studies have been mixed
(e.g., Davis and Emory, 1995; Kirschbaum et al., 1992; Tout et al.,
2008). In the present meta-analysis, we were able to obtain only in-
formation about the sex distributions of some of the studies, thus
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analyzing sex differences in cortisol reactivity in a reliable way was not
possible. Another potentially relevant moderator we were not able to
examine for the same reasons as with sex was race/ethnicity. A recent
study by Dismukes et al. (2018) indicated that race may moderate
cortisol reactivity in 12-month-old infants in the SFP. This result in
addition to results from adults (e.g., Chong et al., 2008; Wilcox et al.,
2005) underlines the need for more research on potential race differ-
ences on infants’ cortisol reactivity.

4.4. Conclusions

Our main analysis found that commonly used psychological stressor
paradigms are associated with a small increase in salivary cortisol
concentrations in typically developing infants. Investigation of a large
number of studies also highlighted the large heterogeneity in the
magnitude of the effects and also in the procedures of the included
studies. Age, time of day, and saliva collection instrument material did
not significantly moderate the effect sizes in the full set of studies or
within the separate stressor types, but the duration of the acclimation
period was found to be associated with the magnitude of cortisol re-
activity. Although a clear association between infant age and cortisol
reactivity was not found, the most consistent cortisol responses were
observed in the separation studies, which were also administered to
infants who were older than infants in the other stressor categories.
While this finding appears inconsistent with studies showing dampened
cortisol responses to physical stressors in older infants (Davis and
Granger, 2009; Gunnar et al.,, 1996), determining the age-related
changes in cortisol reactivity to psychological stressors reliably requires
that comparable psychological stressors are applied in a similar manner
to a wide age range of infants. Our recommendation would be to use
age-appropriate variations of parental separation as the most feasible
psychological stressor across infancy.

In conclusion, a somewhat concerning overall outcome of this
analysis was that despite the large number of studies, cortisol reactivity
to psychological stressor paradigms in infancy appears to be small and
inconsistent. This is problematic for research aiming to characterize
individual differences in stress reactivity to naturally occurring stres-
sors. Without a clear understanding of cortisol reactivity to psycholo-
gical stressors in typically developing infants, determining what con-
stitutes an endocrine marker of risk for the development of the stress
systems remains very challenging. The contribution of this meta-ana-
lysis is to help to elucidate how efficiently the currently used experi-
mental paradigms trigger cortisol reactivity in typically developing
infants, which will be important for attempts to design reliable stressor
paradigms for research on individual differences in infants’ cortisol
reactivity to stress.
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