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Abstract

The aim of this systematic review was to better understand whether and to what extent
psychosocial stressors are associated with hypothalamic-pituitary-adrenal axis or
autonomic nervous system stress responses in young children (1-6 years of age). Stud-
ies were classified by psychosocial stressors from the ecobiodevelopmental model:
social and economic resources, maternal mental health, parent-child relationships, and
the physical environment. Of the 2388 identified studies, 32 met full inclusion crite-
ria, including over 9107 children. Child physiologic stress responses were measured as
hair and urinary cortisol and cortisone, salivary diurnal and reactive cortisol, salivary
reactive alpha-amylase, and respiratory sinus arrhythmia. There were 107 identified
relations between psychosocial stressors and physiologic stress responses. Nearly two
thirds of these relations suggested that children have dysregulated stress responses as
either significantly blunted (n = 27) or increased (n = 37); 43 relations were not signifi-
cant. Children most consistently had significantly dysregulated stress responses if they
experienced postnatal maternal depression or anxiety. Some reasons for the mixed
findings may be related to characteristics of the child (i.e., moderators) or stressor, how
the stress response or psychosocial stressor was measured, unmeasured variables (e.g.,
caregiving buffering), researcher degrees of freedom, or publication bias.

KEYWORDS
autonomic nervous system, child, parent-child relations, pituitary adrenal system, stress

childhood experiences (ACEs), cost the United States nearly $750 bil-

lion/year (Bellis et al., 2019). These costs are due to the deleterious

Experiencing adverse psychosocial stressors in early childhood can
have profound implications on lifelong public health. An adverse psy-
chosocial stressor is a life situation that may create an intense level of
stress and may contribute to maladaptive behavior, iliness, or a men-
tal disorder later in life (American Psychological Association, 2020).
Research estimates suggest that psychosocial stressors, such adverse

effects of ACEs on maladaptive health behaviors, resulting in chronic
disease (Bellis et al., 2019).

Young children regulate stress responses to perceived psychosocial
stressors by physiologically adapting to their environment (Blair et al.,
2011). A young child, defined here as between approximately 1 and
6 years of age, is undergoing a particularly sensitive developmental
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period when brain circuitry begins to selectively prune to optimally fit
the child’s lived environment (for a brief review, see Sakai, 2020)—such
as encountering environmental stressors. Also, during this period,
young children undergo rapid development, building a robust socioe-
motional foundation in accordance with environmental experiences
that will serve them through life (e.g., Moffitt et al., 2011).

Adverse psychosocial stressors of significant concern are those
most proximal to the young child, occurring in family-level contexts
(Bronfenbrenner & Morris, 2006). The ecobiodevelopmental frame-
work proposes that family-level stressors are related to adverse
caregiver resources, family relationships, and the physical environ-
ment (Shonkoff, 2012). Adverse caregiver resources could include
limited resources that make it challenging to provide the optimal
conditions to raise a young child, such as low socioeconomic status,
poor mental health, and food insecurity. Socioeconomic resources may
also be broad and include parental resources such as income, edu-
cation, race/ethnicity, employment, and housing. Caregiver age may
also be a socioeconomic resource. Having a lower age as a parent,
particularly as a teenager, is associated with less experience, edu-
cation, and resources to support a young child compared to older
parents. Adverse family relationships may include psychosocial stres-
sors such as hostile parenting or neglect that fail to provide young
children with consistent nurturing and protective interactions that
promote optimally regulated stress response systems. Unsafe envi-
ronments may be those not free from toxins, fear, or risk of harm, or
those limiting the child’s active exploration necessary for development.
Such stressors may directly provoke physiological stress responses
along the hypothalamic-pituitary-adrenal (HPA) axis and the auto-
nomic nervous system (ANS) (Shonkoff, 2010; Shonkoff et al., 2012).
Experiencing intense or prolonged stress responses may influence the
development of health behaviors and chronic disease due to the child
physiologically adjusting and adapting to these stress responses dur-
ing sensitive periods of development (Shonkoff, 2010; Shonkoff et al.,
2012). Yet, this adaptation helps the child manage survival within their
current environment (Blair et al., 2011).

The ecobiodevelopmental framework proposes three general child
stress responses to stressors that result in “stress”—including positive,
tolerable, and toxic stress—based on the long-term consequences
for child development (Shonkoff et al., 2012). Positive stress results
when a child experiences a brief physiologic stress response that is
mild to moderate in magnitude (Shonkoff et al., 2012). For example, a
child’s anxiety associated with experiencing their first day at an early
educational center (e.g., preschool or daycare) could induce positive
stress. If a child receives “buffering” from an adult caregiver (e.g.,
love, support), positive stress can promote the child’s growth and
advancement along the course of the child’s development (Shonkoff
et al.,, 2012). Tolerable stress results from a child’s exposure to non-
normative experiences (e.g., divorce, family member death). Tolerable
stress could lead to excessive or prolonged activation of the stress
response system, but buffering from an adult can reduce the risk of
prolonged stress response activation and long-term consequences
on the child’s health. The third and most dangerous type of stress

is toxic stress; examples are experiencing child abuse, neglect, or
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maternal depression (Shonkoff et al., 2012). Toxic stress is theorized
to inappropriately disrupt the normal development of brain circuitry
and other crucial organs during early childhood (Shonkoff et al., 2012),
resulting in adverse health outcomes (Blair & Raver, 2012).

1.1 | Physiological Stress Responses in Children

In young children, stress responses are thought to most immediately
occur along the ANS or the HPA axis (for a review, see Condon, 2018).
The ANS is primarily responsible for controlling the immediate fight-
or-flight response to stress. Three common measures of the ANS are
heart rate variability (HRV), respiratory sinus arrhythmia (RSA), and
salivary alpha-amylase. The HPA axis is involved in regulating diur-
nal physiology and rapid responses to perceived stress that direct
resources to help an organism survive. A common measure of stress
from the HPA axis is cortisol. Cortisol can be measured in saliva,
serum, urine, hair, and nails. In young children, researchers tradition-
ally measured cortisol in saliva, but more recently in hair (Bates et al.,
2017). At this time, there is no “gold-standard” way of measuring stress
responses in young children. Each biomarker of stress may have its
advantages and disadvantages in approximating stress responses, as
these biomarkers may also concurrently reflect ongoing processes to
support normal physiologic processes. Additional details of measures
of the ANS (including HRV, RSA, and alpha-amylase) and HPA axis

(including cortisol and cortisone) are discussed next.

1.1.1 | Autonomic Nervous System (ANS)

The ANS is primarily responsible for controlling the immediate fight-
or-flight response to stress. The ANS can be divided into two physio-
logical response systems, the sympathetic nervous system (SNS) and
the parasympathetic nervous system (PNS). The SNS is responsible for
preparing and mobilizing the body during stress, producing a height-
ened state of arousal characterized by increased heart rate, increased
blood pressure, pupil dilation, inhibition of the digestive and urinary
systems, and sweating. To balance the SNS stress response, the PNS
supports a state of rest and repair that is characterized by decreased
blood pressure, reduced heart rate, and digestive and urinary system
stimulation, allowing the body time for restoration of energy stores.
Three common measures of the ANS are HRV, RSA, and alpha-amylase.
Depending on how these ANS measures are collected, they may reflect

SNS or PNS activation or interplays.

Heart Rate Variability (HRV)

HRV can be used as a biomarker to assess the stress response of
the ANS, as it is modulated by both SNS and PNS activity (Ernst,
2017; Kleiger et al., 1987). HRV is the dispersion in the time intervals
between adjacent heartbeats (R-R interval), also known as interbeat
intervals (IBl). The IBI signal is detected from electrocardiogram
or photoplethysmogram (PPG) sensors using wave detection algo-

rithms (Tarvainen et al., 2014). HRV measures can be classified into
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time-domain, frequency-domain, and nonlinear characteristics to
reflect properties of heart rate dynamics (Shaffer & Ginsberg, 2017).
For reference, the approximate median standard deviation of the IBI
of normal sinus beats (SDNN, time-domain) for preschoolers ages 3-
5 years is approximately 95 ms (van den Berg et al., 2018). Decreased
HRYV is usually associated with pathology and poorer prognosis, while
positive health outcomes have been noted in those with varied HRV
(Thayer et al., 2010; Tsuji et al., 1994). In other words, decreased HRV
is generally associated with higher levels of stress (Jarczok et al., 2013;
Michels et al., 2013).

Respiratory Sinus Arrhythmia (RSA)

RSA is another useful biomarker of the ANS, particularly PNS medi-
ation of the heart’s electroconductivity (Beauchaine, 2015). RSA is
assessed by the variability in an individual’s heart rate across a res-
piratory cycle (Ravindran et al., 2021). During the respiratory cycle,
the heart’s normal electroconductivity of the R-R interval is short-
ened during inspiration and lengthened during expiration (Yasuma &
Hayano, 2004). When stress is minimal, increased resting RSA (in other
words, higher or more variability) and a decrease in RSA during stress
(in other words, RSA augmentation or increased vagal nerve control
over the heart, resulting in decreased PNS and RSA reactivity; Zhang
et al,, 2017) is associated with better emotion regulation related to
stressful experiences (Gouin et al., 2014; Park & Thayer, 2014). Con-
versely, decreased resting RSA (in other words, lower or less variability)
and a reactive increase in RSA in response to stress (in other words,
RSA withdrawal or suppression, indicating withdrawal of the vagus
nerve control over the heart and increased PNS reactivity; Zhang et al.,
2017) is associated with several stress-related disorders such as anx-
iety, depression, and internalizing and externalizing symptoms (for a
review, see Beauchaine, 2015). In some instances, increased RSA reac-
tivity is beneficial in increasing alertness for particular tasks; however,
it may also lead to increased expression of emotions (Zhang et al.,
2017).

Alpha Amylase

Alpha-amylase is a salivary enzyme primarily involved in digesting
starch found in the oral cavity, but has been increasingly recognized as
a useful biomarker of SNS stress responses (Nater & Rohleder, 2009).
Salivary alpha-amylase increases within 2-10 min after a sympathetic
response to a perceived stressor (Davis & Granger, 2009), with recov-
ery time about 10-20 min later (Engert et al., 2011). In contrast, PNS
stimulation lowers salivary alpha-amylase concentrations (Anderson
etal., 1984; Engert et al., 2011).

1.1.2 | Hypothalamus-Pituitary-Adrenal (HPA) axis

The HPA axis is involved in regulating diurnal physiology and rapid
responses to perceived stress to direct more resources to help an
organism survive, such as fighting or fleeing a stressor. In response
to a stressor, the hypothalamus releases corticotropin-releasing factor

and arginine vasopressor toward the pituitary gland. Upon receiving
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these neurohormone messengers, the pituitary gland produces and
secretes adrenocorticotropic hormone into the bloodstream, which
signals the adrenal glands to produce and release glucocorticoid hor-
mones. In humans, this main glucocorticoid is cortisol (in rodents,
corticosterone). Cortisol is sometimes involved in feedback loops to
the hypothalamus or is physiologically converted into an inactive
metabolite, cortisone.

Cortisol and Cortisone

Because of its role in fight or flight responses to stress, cortisol is often
considered a major “stress hormone” and is consequently measured in
several research studies on stress. Cortisol can be measured in saliva,
serum, urine, hair, and nails. In young children, researchers typically
measure cortisol in saliva and more recently, in hair (Bates et al., 2017).
Samples of salivary cortisol can reflect diurnal pulsations of cortisol
(with typical increases after awakening and then decreases through the
day) or reactivity toward stressors: cortisol typically increases about
20 min after a perceived stressor with a recovery of about 70 min
later (Engert et al.,, 2011). There are several ways to calculate sali-
vary cortisol stress responses: measures can reflect basal averages,
awakening responses, total hormone concentration, or varied ways to
calculate changes over time (Pruessner et al., 2003). Hair cortisol typi-
cally reflects the average amount of unbound cortisol expressed in the
body over at least 1 month of time. Researchers have shown that both
high and low levels of cortisol may reflect significant stress, with low
levels perhaps reflecting more chronic levels or clinical diagnoses of
stress (Xu et al.,, 2019). Researchers have also begun measuring corti-
sone, and this is typically measured in young children in hair or urine.
Researchers theorize that because cortisone is a metabolite of inactive
cortisol, it may be a more accurate marker of serum cortisol (Blair et al.,
2017).

1.2 | Research Gaps

Several reviews have contributed to our understanding of individual
markers of stress in children (e.g., Bates et al., 2017; Bryson et al., 2021;
Davis et al., 2018; Hunter et al., 2011; Schar et al., 2022; Soares et al.,
2021). Findings from these reviews strongly suggest that adverse psy-
chosocial experiences at an early age are associated with biological
risk and the development of disease through alterations in physiology.
However, there is a lack of evidence as to how early childhood stress
responses may be environmentally primed. The Bates et al. (2017) and
Bryson et al. (2021) reviews only examined hair cortisol concentration
as a marker of physiological stress, which captures some aspects of
chronic (i.e., 1 month or more) physiological stress plus cortisol concen-
trations needed for typical physiological functions. Similarly, Hunter
et al. (2011) only focused on studies that examined salivary cortisol
responses to stressors. The Soares et al. (2021) review focused on
longer term implications of experiencing more severe ACEs throughout
childhood (up to 18 years old), such as markers of biological embed-
ding, including effects on the immune system, structural and functional

brain changes, and genetic and epigenetic markers. The review also
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included only 10 studies (out of 58) of children ages 1-6 years of
age, with no studies on children below 3 years old. Finally, the Schar
et al. (2022) study only examined pediatric maltreatment and HPA axis
responses. There are also three other known meta-analyses on adver-
sity and stress responses, but these analyses were limited to measures
of cortisol and sometimes included adult participants (Bernard et al.,
2017; Bunea et al., 2017; Fogelman & Canli, 2018). Hence, there is a
need to summarize the current literature on how young children may
produce stress responses to psychosocial stressors, particularly along
the immediate acting HPA axis and ANS.

1.3 | The Current Study/Review

The aim of this review was to better understand whether and to what
extent psychosocial stressors are associated with HPA axis or ANS
stress responses in young children (1-6 years of age). We focused on
children 1-6 years of age, as these children likely developed some psy-
chomotor independence beyond infancy and are in a rapid period of
developmental socioemotional growth that may be particularly sensi-
tive to psychosocial stressors. Additionally, as suggested by ecological
theories (Bronfenbrenner & Morris, 2006; Shonkoff, 2010; Shonkoff
et al,, 2012), we focused on family-level psychosocial stressors that
may have the most substantial influence on stress responses, com-
pared to community-level or policy-level stressors. Lastly, we carefully
outline both heightened and blunted stress responses in young chil-
dren. A heightened stress response indicates that the stress response
was increased and blunted means that the stress response was damp-
ened. Both heightened and blunted stress responses may be significant
indicators of stress responses (Ford et al., 2019; Khoury et al., 2019;
Miller et al., 2007; Xu et al., 2019) and highlight potential physiological
disruptions during sensitive periods of development.

2 | METHODS

2.1 | Protocol and Registration

The protocol for this review was developed a priori and submitted to
PROSPERO in December 2019 (Appendix SA). This systematic review
was guided by the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocol (PRISMA-P; Moher et al., 2015).

2.2 | Inclusion and Exclusion Criteria

Inclusion criteria were as follows: peer-reviewed empirical studies
published through September 18, 2020, in English, observational
or experimental in nature, and with neurotypical children ages 12-
72 months. A study was included if the mean age range was within
the target range (12-72 months), even if a study included a child
that was greater than 72 months. Studies needed to include a family-

level psychosocial stressor, as outlined by the ecobiodevelopmental
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framework (Shonkoff, 2010; Shonkoff et al., 2012), as the independent
variable. Psychosocial stressors were categorized following the eco-
biodevelopmental framework, specifically: caregiver resources (e.g.,
socioeconomic status [SES] and mental health), child and family rela-
tionships (e.g., parenting, family functioning, child maltreatment, family
violence), and the physical environment (e.g., household safety). Addi-
tionally, studies had to report on the child’s stress response from the
HPA axis (e.g., cortisol or cortisone) or the ANS (e.g., RSA, HRV, or
salivary alpha-amylase) as the dependent variable.

Exclusion criteria were as follows. Studies concentrating on a
specific population of neurodivergent children (e.g., attention deficit
hyperactivity disorder, prematurity of less than 37 weeks of age, known
exposure to prenatal substance use disorders, a neurological medi-
cal condition associated with altered HPA axis or ANS functioning
known at recruitment) were excluded due to potentially atypical stress
responses. Studies were excluded if stress was induced without under-
standing its relationship to a psychosocial stressor (i.e., laboratory-
induced stressor to measure response in a controlled environment
without understanding its relationship to a psychosocial stressor). We
also excluded articles specifically focused on children with asthma or
taking asthma-related medications due to potential medication report-
ing confusion between taking a steroid and albuterol (Bates et al.,
2020)—steroids may interfere with cortisol physiology (Gray et al.,
2018). Lastly, reviews and non-peer-reviewed literature such as the
gray literature, conference abstracts, editorials, and dissertations were

excluded.

2.3 | Search Strategy, Study Selection, and Data
Extraction

Four databases—MEDLINE, EMBASE, PsycINFO, and CINAHL—were
searched using the following search formula: “(child OR pediatric OR
toddler OR preschool OR youth) AND (hypothalamus OR pituitary
OR adrenal OR autonomic nervous system OR sympathetic nervous
system OR parasympathetic nervous system) AND (stress OR dis-
tress).” Limits were set when applicable and included English language,
peer-reviewed journals, ages 0-6 years old, human subjects, and
academic journals. Two authors (RAB, EB) first reviewed titles, then
abstracts, then full texts to determine study eligibility. Discrepancies
were resolved by discussion. Then, four authors (RAB, EB, LKM, HGV)
reviewed the full text and independently extracted data using stan-
dardized criteria. These criteria included the study’s original objective
and type of study, characteristics of the sample (sample size, child
ages, child race/ethnicity, child sex composition, and socioeconomic
status), description of the psychosocial stressor in accordance with
the ecobiodevelopmental model, the measured stress response, and
the study’s findings on the relations between measured psychosocial
stressors and stress response. One author (RAB) verified all extracted
information by validating back to the full text; further discrepancies
were resolved by discussion with the author who originally extracted
data from the article. Data were narratively synthesized and orga-

nized by type of psychosocial adversity. A meta-analysis was not
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conducted due to the diverse methods and measures used across
studies.

2.4 | Appraisal of Study Rigor

Two reviewers (RAB, LKM) appraised the methodological quality of the
studies using the Joanna Briggs Institute (JBI) critical appraisal tools
(Moola et al., 2020; Tufanaru et al., 2020) to inform the synthesis and
interpretation of the study results. The JBI tools were used due to
the diverse study types included in this review (Higgins et al., 2011).
Four JBI critical appraisal tools were used: case-control, cohort, cross-
sectional, and quasi-experimental. Disagreements in study appraisal
were resolved through discussion and with consensus by a third author
(KS).

3 | RESULTS

3.1 | Search and Overview

The results of the study search are summarized in Figure 1. The ini-
tial search generated 2388 studies; 32 articles remained for inclusion
in this review. Study quality is highlighted in Table 1. The resulting
studies with extracted characteristics and relationships are summa-
rized in Table 2. Table 2 is organized by stress response (hair cortisol
and/or cortisone, urinary cortisol and/or cortisone, diurnal salivary cor-
tisol, reactive salivary cortisol, salivary alpha-amylase, RSA) and then
alphabetically by the first study author. Table 2 includes details on
the study objective, the child characteristics (sample size, child age,
child race/ethnicity, child sex, child SES), measures of the psychosocial
stressor and stress response, and study findings. Tabulated categories
of these characteristics—including child age, study country, psychoso-
cial stressor, and stress response—by number of studies are shown in
Table 3.

Across the 32 studies, there were 27 unique cohorts with at least
9107 unique children. The average sample size was 253 (range: 39-
2546). Across the samples, the age range was 9-60 months old. Par-
ticipants were from diverse socioeconomic backgrounds, sampled from
primarily western nations: Australia, Canada, Germany, the Nether-
lands, Switzerland, the United Kingdom, the United States, Israel,
Brazil, and Russia. Some samples included international adoptees who
previously lived outside of a family context, such as in orphanages or
similar institutions. Among all studies, there were over 100 unique
findings on the relations between psychosocial stressors and stress
responses. Most of the findings were measured as stress responses
from the HPA axis. Only 16 unique findings, from six different stud-
ies, were based on the ANS (RSA and alpha-amylase). An overview of
the general direction of the stress response, quantified by psychosocial
stressor, is in Table 4.

With regard to overall study quality, we found that most studies
had at least some bias (briefly listed in Table 1). We noted nine cross-

sectional studies, 10 cohort studies, two case-control studies, and 11
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quasi-experimental studies. Most of the quasi-experimental studies did
not have a control group and did not conduct a power analysis, but the
respective study authors usually noted that the study was exploratory
in nature.

Below, the results are organized by the general type of ecobiode-
velopmental psychosocial stressor: caregiver resources (organized by
socioeconomic resources and parental mental health), child and family
relationships, and physical environment. Some resulting studies mea-
sured cumulative stressors, which we categorize below as overall fam-
ily dynamics. We discussed stress responses as output measures of the
stress response systems along the HPA axis or ANS (e.g., salivary corti-
sol, RSA, etc.). We provided an overview of these findings by organizing
results by direction of the stress response to the psychosocial stressor:
increased, blunted, or null. In the presence of a psychosocial stressor,
an increased stress response indicates that the stress response was
heightened, blunted means that the stress response was dampened,
and null indicates no significant stress response. We organized findings
by direction of the general stress response due to substantial hetero-
geneity of findings and difficulty to combine stress measures due to
different sampling strategies, laboratory techniques, and calculations.
Finally, numbers of findings may not necessarily add up to the number
of unique studies, as individual studies may have measured more than

one type of stressor with more than one type of stress response.

3.2 | Caregiver Resources and Child Stress
Responses
3.2.1 | Socioeconomic Resources

Generally, there were 13 unique studies that examined relations
between socioeconomic resources and child stress responses (Bernard
et al,, 2015; Bryson et al., 2019; Bush et al., 2011; Chryssanthopoulou
et al,, 2005; Koss et al., 2016; Liu et al., 2020; Ludmer et al.,, 2015;
Lunkenheimer et al., 2018; Palmer et al., 2013; Saridjan et al., 2010;
Vaghri et al., 2013; Zalewski et al., 2012, 2016). Most of the stud-
ies were appraised as including all suggested content by the Joanna
Briggs Institute (Moola et al., 2020; Tufanaru et al., 2020) and thus
were considered as having good methodological quality. Findings are
discussed below in order of the socioeconomic resources measured:
parent income, parent education, parent age, family race and ethnicity,
parent employment, and housing type. Stress responses in the studies
were measured as diurnal measures of salivary cortisol, reactive sali-
vary cortisol, reactive salivary alpha-amylase, and hair cortisol. Across

all studies, findings were mixed.

Family Income

Eight unique studies measured associations between family income
and child stress responses; five studies measured aspects of diurnal
levels of salivary cortisol (Bernard et al., 2015; Bush et al., 2011; Sarid-
jan et al,, 2010; Zalewski et al., 2012, 2016), two explored relations
with hair cortisol (Bryson et al., 2019; Vaghri et al., 2013), and one

explored relations with reactive salivary cortisol (Ludmer et al., 2015).
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FIGURE 1 Study selection process based on PRISMA-P guidelines. ADHD, attention deficit hyperactivity disorder; IV, independent variable;

DV, dependent variable.

Relations of these studies were mixed, depending on how stress was
measured. Overall, in response to living with lower family income, two
studies found increased stress responses, one found blunted stress
responses, two found opposite curvilinear responses, and five found
nonsignificant (null) stress responses.

Increased Stress Responses. Two studies found lower levels of income
were associated with higher diurnal levels of child cortisol. Bush et al.
(2011) found that older diverse U.S. preschoolers had higher diurnal
salivary cortisol with lower SES, a measure of averaged income and
education. Similarly, Saridjan et al. (2010) found that young Dutch tod-
dlers living with low family income had higher diurnal salivary cortisol
and higher awakening cortisol compared to those with high family

income.

Blunted Stress Responses. Bernard et al. (2015) found blunted diurnal

cortisol slopes in older preschoolers living with higher levels of poverty.

Curvilinear Stress Responses. Zalewski et al. (2016) found several rela-
tionships, but notably found that young, mostly White U.S. preschool-
ers had blunted diurnal salivary cortisol slopes with lower and higher
income as compared to average income (who had the steepest diur-
nal cortisol slopes). Yet, Bush et al. (2011) found that White children
with either high or low SES (a composite of income and education) had
higher diurnal salivary cortisol.

Null Stress Responses. Five studies found null relationships between
income measures and point or average estimates of cortisol excretion.
While earlier we reviewed that Bernard et al. (2015) found blunted
diurnal cortisol slopes with higher levels of poverty, they did not find
any specific diurnal point estimates of salivary cortisol (bedtime or
wake up) associated with the child’s poverty status. In another study
with the same sample as Zalewski et al. (2016), Zalewski et al. (2012)
found that preschoolers had lower morning salivary cortisol with

lower income; however, this relationship was null after controlling for
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TABLE 3 Study characteristics (n = 32 studies)

Characteristic n
Study demographics

Unique cohorts 27
Approximate unique children 9107
Number of studies initiated by child age

24 months 9
36 months 3
48 months 12
60 months 5
72 months 3

Study countries
United States 17
Canada
Australia
Brazil
Russia or Eastern Europe

Western Europe

= N W P, P, W

Israel
Number of studies that measured type of psychosocial stressor

Caregiver resources

Socioeconomic resources 13

Parent mental health 14
Child and family relationships 17
Physical environment 4
Overall family dynamics 5

Number of studies that measured type of stress response

Hypothalamus pituitary adrenal axis

Diurnal measures of salivary cortisol 12
Reactive salivary cortisol 10
Hair cortisol 5
Hair cortisone 1
Urinary cortisol 2
Urinary cortisone 1

Autonomic nervous system
Respiratory sinus arrhythmia 4
Reactive salivary alpha amylase

Note: Number of studies will not add up to 32, as studies often measured
more than one type of psychosocial stressor or stress response.

cumulative risks. Ludmer et al. (2015) did not find a significant corre-
lation between reactive salivary cortisol area, measured as area under
the curve (AUC), and family income. In the two studies that measured
hair cortisol, Vaghri et al. (2013) found a null relationship between
child hair cortisol and parent income in Canadian children; Bryson
etal. (2019) found null relationships between hair cortisol and financial

hardship in mixed-SES Australian toddlers.
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Parent Education

Six studies measured associations between parent education and child
physiologic stress responses, measured with diurnal salivary cortisol
(Bushetal.,2011), reactive salivary cortisol (Ludmer et al., 2015), reac-
tive RSA (Lunkenheimer et al., 2018), or hair cortisol (Bryson et al.,
2019; Liu et al., 2020; Vaghri et al., 2013). Relationships were mixed;
three studies found that lower levels of parent education were associ-
ated with higher levels of stress responses and three studies found null

relations.

Increased Stress Responses. As reviewed in the family income section,
Bush et al.(2011) found that older preschoolers had higher diurnal sali-
vary cortisol with lower SES (average of household income and highest
level of household adult’s education). Similarly, Lunkenheimer et al.
(2018) found that preschoolers had higher (less variable) resting RSA
with lower maternal education. Additionally, Vaghri et al. (2013) found

that preschoolers had higher hair cortisol with lower parent education.

Null Stress Responses. Liu et al. (2020) and Bryson et al. (2019) found
no significant relations between the hair cortisol of toddlers and
preschoolers with their mothers’ or parents’ education level. Addi-
tionally, Ludmer et al. (2015) did not find any significant correlation

between reactive salivary AUC and maternal education.

Parent Age

Four studies examined relations between maternal age and child stress
responses with hair cortisol (Bryson et al., 2019), reactive salivary cor-
tisol (Ludmer et al., 2015), and diurnal salivary cortisol (Saridjan et al.,
2010; Zalewski et al., 2012). Of these studies, one found a blunted
relationship and the other three found null relationships.

Blunted Stress Responses. Zalewski et al. (2012) found that young
preschoolers had blunted diurnal salivary cortisol slopes if they had an
adolescent parent compared to those who had adult-age parents.

Null Stress Responses. Ludmer et al. (2015), Bryson et al. (2019), and
Saridjan et al. (2010) found null relationships between maternal age
and child stress responses. Specifically, Ludmer et al. (2015) showed
a null relationship between maternal age and toddler reactive sali-
vary cortisol levels. Bryson et al. (2019) showed a null relationship
between maternal age and the hair cortisol in toddlers. Finally, Saridjan
et al. (2010) also found a null relationship between maternal age and
the salivary diurnal cortisol levels and awakening responses in young
toddlers.

Family Race and Ethnicity

Five unique studies examined relations between family race or ethnic-
ity with child stress responses with hair cortisol (Liu et al., 2020; Palmer
etal., 2013), reactive salivary cortisol (Ludmer et al., 2015), and diurnal
salivary cortisol (Bush et al., 2011; Koss et al., 2016). Two studies found
significantly higher stress hormones with minority status (Bush et al.,
2011; Palmer et al., 2013), and three studies found null relations (Koss
et al., 2016; Liu et al., 2020; Ludmer et al., 2015).
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TABLE 4 Summary of direction of outcomes (N > 106) across studies

Psychosocial stressor
Lower socioeconomic caregiver resources
Lower family income
Lower parent education
Lower parent age
Minoritized family race/ethnicity
Limited parent employment
Lower housing quality
Lower parent mental health resources
Higher prenatal maternal depression
Higher postnatal maternal depression
Higher prenatal anxiety
Higher postnatal anxiety
Higher prenatal maternal psychopathology
Higher caregiver social support
Higher parent substance use
Child and family relationships
Decreased parent marital conditions
Risks of poorer family functioning
Increased child maltreatment
Poorer caregiver-child interactions
Physical environment
Nonbiological family contexts (institutionalized pre-adoption)
Overall family dynamics
Cumulative adversity

Total

Developmental Psychobiology y; py_L2o

Number of stress response outcomes

Increased Blunted Null
g 2 5
3 0 3
0 1 3
20 0 3
1 0 2
2 1 0
1 0 1
5 2 1
1 2 4
4 2 0
20 2 2
0 0 1
1 0 1
0 2 3
1 0 1
2 2 2
5 4 3
2 6 6
2 30 2
37° 27° 43

2Highest and lowest income associated with curvilinear stress responses, either blunted or increased. See studies for more details.

bAdditional findings. See description of studies for more details.

Increased stress responses. Palmer et al. (2013) found that U.S. tod-
dlers had higher hair cortisol if they were Black as compared to
White, with additional racial differences by maternal stress type and
child growth. Bush et al. (2011) also found that older United States
preschoolers had higher diurnal salivary cortisol if they were ethnically
minoritized as compared to those who were White. Bush et al. (2011)
also found several other racial and ethnic minority differences by an
overall family adversity and SES, depending on the time of the school

year.

Null stress responses. Liu et al. (2020) found that toddlers and
preschoolers had no differences in hair cortisol by race. Similarly, Lud-
mer et al. (2015) found that toddlers had no significant changes in
their reactive salivary cortisol by race. In a study on adoption sta-
tus, including with institutionally reared children overseas, Koss et al.
(2016) found that toddlers and preschoolers had no racial or ethnic
differences in diurnal or reactive salivary cortisol by adoption group
(institutionally reared overseas, foster care, and nonadopted).

Parent employment

Two unique studies that examined relations between parent employ-
ment and child stress responses measured hair cortisol (Bryson et al.,
2019) and diurnal salivary cortisol (Chryssanthopoulou et al., 2005).
One study found higher stress responses with lower parental job
role quality, and two studies found null stress responses with parent

employment status.

Increased stress responses. Chryssanthopoulou et al. (2005) showed
that preschoolers had higher evening salivary cortisol and higher total
diurnal salivary cortisol if their mother had low job role quality as

compared to mothers who had high job role quality.

Null stress responses. Bryson et al. (2019) found no significant associ-
ation between older Australian preschoolers’ hair cortisol and their
parent’s employment status (employed vs. not). Chryssanthopoulou
et al.(2005) also did not find any relation between British preschooler’s
diurnal salivary cortisol level and their mother’s employment status.
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Housing

Only one unique study measured the relationship between characteris-
tics of housing and child stress responses, measured with hair cortisol,
and found both increased and blunted stress responses.

Increased stress responses. Bryson et al. (2019) found that Australian
toddlers had marginally higher hair cortisol if they lived rent free, in
a public rental, or “paying board” as compared to those who lived in
fully owned, purchased, or private rental homes. The researchers also
found that toddlers had higher hair cortisol if parents felt they were not
“living in a safe place” (Bryson et al., 2019).

Blunted stress responses. Bryson et al. (2019) also found that those with
“housing problems” had marginally lower hair cortisol compared to

those without housing problems.

3.2.2 | Parental mental health resources

Generally, there were 14 unique studies that examined relations
between parental mental health resources and child stress responses
(Bryson et al., 2019; Chryssanthopoulou et al., 2005; Dougherty et al.,
2009, 2011, 2013; Feldman et al., 2013; Laurent et al., 2014; Liu et al.,
2020; Ludmer et al., 2015; Molenaar et al., 2019; Palmer et al., 2013;
Saridjan et al., 2010; Send, Bardtke, Gilles, Wolf, Stitterlin, Kirschbaum,
et al.,, 2019; Send, Bardtke, Gilles, Wolf, Sttterlin, Wudy, et al., 2019).
The parent mental health resources examined were parental depres-
sion, stress, anxiety, psychopathology, and social support. The stress
responses measured were diurnal and reactive salivary cortisol, hair
cortisol, and urinary cortisol and cortisone. Across all studies, findings
were mixed and directions are discussed below. Most of the studies
were appraised as including all suggested content by the Joanna Briggs
Institute (Moola et al., 2020; Tufanaru et al., 2020) and thus were
appraised as having good methodological quality.

Prenatal maternal depression symptoms

One study measured relations between prenatal maternal depres-
sion symptoms and later child stress responses measured with urinary
cortisol and cortisone (Send, Bardtke, Gilles, Wolf, Sttterlin, Wudy,
etal., 2019). Findings were mixed. Send, Bardtke, Gilles, Wolf, Sttterlin,
Woudy, et al. (2019) found that preschoolers had lower nocturnal urine
cortisol and cortisone if their mother had higher prenatal depression.
However, they did not find any relation between prenatal maternal
depression and child nocturnal cortisone/(cortisone + cortisol) ratio at
45 months of age (Send, Bardtke, Gilles, Wolf, Sutterlin, Wudy, et al.,
2019).

Postnatal maternal depression symptoms

Six studies examined relations between postnatal maternal depres-
sion and child stress responses, measured with diurnal salivary cortisol
(Dougherty et al., 2009, 2011), reactive salivary cortisol (Dougherty
et al., 2013; Ludmer et al., 2015), and hair cortisol (Liu et al., 2020;

Palmer et al., 2013). Five studies found increased stress responses,
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two studies found blunted stress responses, and one study found null
relations.

Increased stress responses. Dougherty et al. (2011, 2013) found that
preschoolers had high diurnal salivary cortisol or high reactive salivary
cortisol if their parent had a history of depression during the child’s first
few years of life and had hostility toward the child. Dougherty et al.
(2009) found that preschoolers had higher morning diurnal salivary
cortisol if their mother had melancholic depression compared to those
with mothers who had no lifetime depression. Liu et al. (2020) found
that toddlers and preschoolers had higher hair cortisol if their care-
giver had higher depression. Palmer et al. (2013) showed that young
toddlers had higher hair cortisol if they were Black and their mother
had higher dysthymia.

Blunted stress responses. Ludmer et al. (2015) found that toddlers with
at least one A1 allele of DRD2 or with the 10/10 genotype of SLC6A3
had blunted reactive salivary cortisol if their mother had higher depres-
sion. Palmer et al. (2013) found that hair cortisol was lower in children
if the mother had higher depression.

Null stress responses. Dougherty et al. (2009) found no significant rela-
tion between preschooler diurnal salivary cortisol levels in mothers
with nonmelancholic depression compared to other types of depres-

sion.

Prenatal maternal stress and anxiety

Four unique studies examined relations between prenatal maternal
stress or anxiety and child stress responses, measured by hair corti-
sone (Molenaar et al., 2019), diurnal salivary cortisol (Saridjan et al.,
2010), reactive salivary cortisol (Send, Bardtke, Gilles, Wolf, Sitter-
lin, Kirschbaum, et al., 2019), and urinary cortisol and cortisone (Send,
Bardtke, Gilles, Wolf, Sttterlin, Wudy, et al., 2019). Findings were again
mixed, with one study finding increased stress responses, two finding
blunted stress responses, and four finding null responses.

Increased stress responses. Molenaar et al. (2019) found that 72-month-
olds had higher hair cortisone if they experienced higher levels of

intrauterine maternal stress.

Blunted stress responses. Send, Bardtke, Gilles, Wolf, Satterlin,
Kirschbaum, et al. (2019) found that preschoolers had lower post-
stressor reactive salivary cortisol if they were exposed to the highest
quartile of prenatal maternal perceived stress (compared to lower
quartiles). Send, Bardtke, Gilles, Wolf, Sttterlin, Wudy, et al. (2019)
found that preschoolers had lower nocturnal urine cortisol and cor-
tisone if they were exposed to higher levels of maternal prenatal
perceived stress or higher anxiety.

Null stress responses. Molenaar et al. (2019) found no relations between
the child’s hair cortisol and general prenatal maternal stress. Similarly,
Saridjan et al. (2010) found no relationship between toddlers’ diurnal
salivary cortisol with prenatal maternal distress. Send, Bardtke, Gilles,

Wolf, Sttterlin, Kirschbaum, et al. (2019) also found null relations
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between preschoolers’ reactive salivary cortisol and prenatal maternal
perceived stress. Finally, Send, Bardtke, Gilles, Wolf, Sttterlin, Wudy,
et al. (2019) found a null relation between preschoolers’ urinary
cortisone/(cortisone + cortisol) ratio and prenatal maternal stress or
anxiety.

Postnatal maternal stress and anxiety

Five studies examined relations between postnatal maternal stress
or anxiety and child stress responses, measured by diurnal salivary
cortisol (Chryssanthopoulou et al., 2005; Laurent et al., 2014), reac-
tive salivary cortisol (Feldman et al., 2013), and hair cortisol (Bryson
et al., 2019; Palmer et al., 2013). Findings were again mixed, with four
studies finding increased stress responses and two finding blunted
stress responses. Children typically had increased stress responses
with greater maternal stress but blunted stress responses if their

parent had clinical stress diagnoses.

Increased stress responses. Bryson et al. (2019) found that toddlers had
higher hair cortisol if their mother had higher stress symptoms. Palmer
et al. (2013) found that young toddlers had higher hair cortisol if they
experienced greater levels of parenting stress. Chryssanthopoulou
et al. (2005) found that preschoolers had higher awakening diurnal sali-
vary cortisol if their mother had higher emotional exhaustion. Saridjan
et al. (2010) found that young toddlers had higher diurnal salivary cor-
tisol if their mothers had higher levels of parenting stress, as compared

to little or no stress.

Blunted stress responses. Laurent et al. (2014) found that children had
lower and less stable evening diurnal salivary cortisol with higher lev-
els of parent anxiety at 6 years of age. Feldman et al. (2013) found that
toddlers and preschoolers had lower reactive salivary cortisol if their
mother had more posttraumatic stress disorder symptoms.

Prenatal maternal psychopathology

There were three unique studies that measured relations between pre-
natal maternal psychopathology and child stress responses, measured
with hair cortisone and cortisol (Molenaar et al.,, 2019), reactive sali-
vary cortisol (Send, Bardtke, Gilles, Wolf, Stitterlin, Kirschbaum, et al.,
2019), and urine cortisol and urine cortisone (Send, Bardtke, Gilles,
Wolf, Stitterlin, Wudy, et al., 2019). Findings were again mixed, with one
study finding increased stress responses, two finding blunted stress

responses, and two finding null responses.

Increased stress responses. Molenaar et al. (2019) found that 72-month-
olds had higher hair cortisone if they were exposed to symptoms of
prenatal maternal psychopathology during the second trimester. Yet,
this relation differed by child sex and the type of prenatal maternal

psychopathology (Molenaar et al., 2019).

Blunted stress responses. Send, Bardtke, Gilles, Wolf, Sutterlin,
Kirschbaum, et al. (2019) found that preschoolers had lower post-
stressor reactive salivary cortisol if they were also exposed to prenatal

maternal psychopathology (primarily measured in the third trimester).
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Similarly, Send, Bardtke, Gilles, Wolf, Sutterlin, Wudy, et al. (2019)
found that preschoolers had lower nocturnal urine cortisone with
higher expert-rated prenatal maternal psychopathology.

Null stress responses. While Molenaar et al. (2019) found increased
stress responses between prenatal maternal psychopathology and the
72-month-old’s hair cortisone, they found no relationship with hair
cortisol. Trends did emerge, however, after adjusting for potential
confounders such as sociodemographics. Send, Bardtke, Gilles, Wolf,
Satterlin, Wudy, et al. (2019) found null relationships between mater-
nal prenatal psychopathology and nocturnal urine cortisol and urine

cortisol/cortisone ratio.

Caregiver social support

One study examined relations between caregiver social support and
child stress responses, measured by hair cortisol. Liu et al. (2020)
found no significant relations between toddlers’ and preschoolers’ hair

cortisol and their caregiver’s perceived social support.

Parent substance use

Two studies examined relations between parent drug or alcohol use
and child stress responses, measured with hair cortisol and diurnal
salivary cortisol. Findings were also mixed, with one finding increased

stress responses and one finding a null response.

Increased stress responses. Saridjan et al. (2010) found that young tod-
dlers had an increased diurnal salivary cortisol awakening response
(cortisol increased from awakening to about 30 min later) if they were
exposed to prenatal maternal smoking, but toddlers not exposed to
prenatal maternal smoking had a negative diurnal salivary cortisol
awakening response.

Null stress responses. Bryson et al. (2019) found null relations between
toddler hair cortisol and parent alcohol, drug, or smoking “problems.”

3.3 | Child and family relationships and child stress
responses

There were 17 studies that examined relations between child and
family relationships and child stress responses (Bernard et al., 2015;
Bryson et al., 2019; Clowtis et al., 2016; Dougherty et al., 2011, 2013;
Feldman et al., 2013; Fries et al., 2008; Kopala-Sibley et al., 2017; Lau-
rent et al., 2014; Liu et al., 2020; Ludmer et al., 2015; Lunkenheimer
et al., 2018; Paret et al., 2015; Skowron et al., 2014; Taylor et al., 2013;
vonKlitzing et al., 2012; Zalewski et al., 2012). The child and family rela-
tionships examined were parent marital conditions, family functioning,
child maltreatment, and child-caregiver interactions. The studies mea-
sured stress responses as reactive and diurnal salivary cortisol, hair
cortisol, reactive salivary alpha-amylase, RSA, and basal and reactive
urinary cortisol. Across all studies, findings were mixed and details are
outlined below. Most of the studies were appraised as including all

suggested content by the Joanna Briggs Institute (Moola et al., 2020;
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Tufanaru et al., 2020) and thus were appraised as having good method-
ological quality. However, the Feldman et al. (2013) authors admitted
to having inappropriate timing related to their measure of salivary
alpha-amylase. Further, many of the quasi-experimental studies did not
include control groups.

3.3.1 | Parent marital conditions

Five studies examined relations between parent marital conditions and
child stress responses with reactive salivary cortisol (Ludmer et al,,
2015), hair cortisol (Bryson et al., 2019; Liu et al., 2020), and diurnal
salivary cortisol (Laurent et al., 2014; Zalewski et al., 2012). Findings
showed two blunted relations and three null relations.

Blunted stress responses

Laurent et al. (2014) found that children had lower and less stable
evening diurnal salivary cortisol if their parents had marital instabil-
ity. Similarly, Zalewski et al. (2012) also found that young preschoolers
had lower or blunted diurnal salivary cortisol slopes if they lived with a

single parent as compared to married parents.

Null stress responses

Ludmer et al. (2015) found that toddlers had no differences in their
reactive salivary cortisol levels by “parent relationship status.” Simi-
larly, Bryson et al. (2019) and Liu et al. (2020) found no differences in

toddler or preschooler hair cortisol levels by parent relationship status.

3.3.2 | Family functioning

Two studies examined relations between family functioning and child
stress responses; one found increased stress responses and one
found null responses. Laurent et al. (2014) found that children had
higher child morning diurnal salivary cortisol with increasing home
chaos from 4.5 to 6 years. However, von Klitzing et al. (2012) found
that older preschoolers had no significant relations between family

social-emotional risk factors and their reactive salivary cortisol.

3.3.3 | Child maltreatment in biological and
nonbiological family contexts

Four studies examined relations between conditions of child maltreat-
ment and child stress responses with urinary cortisol (Fries et al.,
2008), RSA (Lunkenheimer et al., 2018; Skowron et al., 2014), and
diurnal salivary cortisol (Bernard et al., 2015). Findings were mixed,
with two finding increased stress responses, two finding blunted stress

responses, and two finding null stress responses.

Increased stress responses
First, Fries et al. (2008) found that post-institutionalized preschoolers

had higher basal and reactive urinary cortisol if they experienced more
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severe neglect during their institutionalization. Additionally, Lunken-
heimer et al. (2018) found increasing resting RSA (less variability) with
higher neglect severity.

Blunted stress responses

Bernard et al. (2015) found that older preschoolers had blunted/lower
wake-up or diurnal salivary cortisol slopes if they experienced any
child abuse or neglect as compared to not. Lunkenheimer et al. (2018)
found that preschoolers had lower resting RSA with higher physical
abuse.

Null stress responses

Bernard et al. (2015) found no significant relations between bedtime
diurnal salivary cortisol and child abuse or neglect. Skowron et al.
(2014) also found no relations between preschoolers’ maltreatment

status and their resting or reactive RSA.

3.3.4 | Caregiver-child interactions

Eight studies examined relations between parent-child interactions
and child stress responses measured with RSA (Paret et al., 2015),
reactive salivary cortisol (Dougherty et al., 2013; Feldman et al., 2013;
Kopala-Sibley et al., 2017; Taylor et al., 2013), reactive salivary alpha-
amylase (Feldman et al., 2013; Taylor et al., 2013), and diurnal salivary
cortisol (Clowtis et al., 2016; Dougherty et al., 2011; Zalewski et al.,
2012). Generally, about 75% of studies found dysregulated stress
responses. Five studies found increased stress responses, four found
blunted, and three found null stress responses.

Increased stress responses

Feldman et al. (2013) found that toddlers and preschoolers had
higher reactive salivary cortisol if they had lower reciprocity with
their mother. Kopala-Sibley et al. (2017) found that preschoolers had
a higher increase in their reactive salivary cortisol if they had an
observed lower quality parent-child relationship. Taylor et al. (2013)
found that toddlers and preschoolers had higher reactive salivary cor-
tisol at 72 months of age if they experienced intrusive-overcontrolling
parenting at 30 months of age (predicted by higher demographic risks
at 18 months of age). Dougherty et al. (2011) found that preschool-
ers had higher diurnal salivary cortisol if their parent had a history of
depression during first few years of life and was hostile toward the
child. Clowtis et al. (2016) found that preschoolers had higher morn-
ing diurnal salivary cortisol if they had lower quality maternal-child

engagement.

Blunted stress responses

Zalewski et al. (2012) found that young preschoolers had blunted diur-
nal salivary cortisol slope and lower morning diurnal salivary cortisol
with higher maternal negativity. Additionally, preschoolers had lower
morning diurnal salivary cortisol with lower maternal warmth and
blunted decline in diurnal salivary cortisol slopes with lower maternal
responsiveness (Zalewski et al., 2012). Feldman et al. (2013) found that
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toddlers and preschoolers had lower reactive salivary alpha-amylase if
they had lower reciprocity with their mother.

Paret et al. (2015) examined preschoolers across three attachment
types: secure, ambivalent, and insecure-ambivalent. Paret et al. (2015)
found that preschoolers had a decrease in their reactive RSA (vagal
withdrawal) if they had secure attachment with their parent, in con-
trast to those with an insecure-ambivalent group (who did not have a
physiologic response to the laboratory stress paradigm).

Null stress responses

Paret et al. (2015) did not find any changes in RSA reactivity (vagal
withdrawal) in children with ambivalent attachment. Bryson et al.
(2019) found that there was a null relationship between toddler hair
cortisol and the presence of family violence. Clowtis et al. (2016) found
null relations between preschoolers’ evening diurnal salivary cortisol

and quality of maternal-child engagement.

3.4 | Physical environment and child stress
responses
3.4.1 | Nonbiological family contexts (adoption and

institutional rearing characteristics)

There were four studies that examined relations between the physi-
cal environment, primarily as nonbiological family contexts, and child
stress responses. Four studies examined relations between character-
istics of adoption and institutional rearing and child’s stress responses,
measured by diurnal salivary cortisol (Chernego et al., 2019; Koss et al.,
2014; Kroupina et al., 2012) and reactive salivary cortisol (Koss et al.,
2016). Results again were mixed, with two findings with increased
stress responses, five findings with blunted stress responses, and six
findings with null responses. Most of the studies were appraised as
including all suggested content by the Joanna Briggs Institute (Moola
et al., 2020; Tufanaru et al., 2020) and thus were appraised as having
good methodological quality.

Increased stress responses

Chernego et al. (2019) found that toddlers had higher bedtime diur-
nal salivary cortisol if they were reared in institutions as compared to
reared in families. Koss et al. (2016) found that the longer children lived
ininstitutions and foster care, the higher their reactive salivary cortisol

levels were at the beginning of a laboratory challenge.

Blunted stress responses
Koss et al. (2016) also found that toddlers and preschoolers post-
institutionalized and adopted from foster care overseas had blunted
diurnal and reactive salivary cortisol compared to nonadopted chil-
dren. Additionally, Koss et al. (2016) found that the longer children
lived in institutions and foster care, the greater degree of hypocorti-
solism over the day.

In likely the same sample, Koss et al. (2014) found that toddlers

and preschoolers post-institutionalized and adopted from foster care
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overseas had blunted diurnal salivary cortisol compared to nonadopted
children. The researchers also found that toddlers and preschoolers
had lower morning diurnal salivary cortisol and more blunted declines
in diurnal salivary cortisol if they had worse preadoptive social care
after post-institutionalization (Koss et al., 2014).

Chernego et al. (2019) also found that toddlers had blunted
diurnal salivary cortisol if they were reared in institutions com-
pared to families. Finally, Kroupina et al. (2012) found that toddlers
had lower bedtime diurnal salivary cortisol the older they were at
adoption.

Null stress responses

Chernego et al. (2019) did not find a significant relation between
toddler awakening diurnal salivary cortisol and rearing by family or
institution. Kroupina et al. (2012) found no significant relationship
between toddler awakening diurnal salivary cortisol and age of adop-
tion. Similarly, Koss et al. (2014, 2016) found that morning diurnal
salivary cortisol did not differ among the foster care, institutionalized,
and nonadopted groups of children reared in families. Additionally,
Koss et al. (2016) did not find that cortisol reactivity slopes differed
from those who were adopted from foster care overseas as compared
to those nonadopted or those who were adopted after living in an
institution. Koss et al. (2014) also did not find that the group of post-
institutionalized children had changes in their morning and diurnal

salivary cortisol levels over 2 years.

3.5 | Overall family dynamics and child stress
responses

Overall, there were five studies that examined relations between over-
all family dynamics and child stress responses (Bush et al., 2011;
Giuliano et al., 2018; Laurent et al., 2014; Zalewski et al., 2012, 2016).
The studies measured stress responses as diurnal salivary cortisol and
RSA. Across all studies, findings were again mixed, with three stud-
ies showing blunted stress responses and two studies finding null
stress responses. Most of the studies were appraised as including
all suggested content by the Joanna Briggs Institute (Moola et al.,
2020; Tufanaru et al., 2020) and thus were appraised as having good

methodological quality.

3.5.1 | Increased stress responses

Bush et al. (2011) found that with higher levels of cumulative adverse
family dynamics (financial stress, parenting overload, marital conflict,
family anger expression, maternal depression, and harsh parenting),
older preschoolers had higher diurnal salivary cortisol. Laurent et al.
(2014) showed that increasing levels of cumulative family adversity
(parent depression, anxiety, negative life events, social support, marital
instability, financial need, home chaos) from 4.5 to 6 years of age
were associated with higher morning diurnal salivary cortisol at
age 6.
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3.5.2 | Blunted stress responses

Zalewski et al. examined the same group of preschoolers in two stud-
ies and found blunted stress responses to cumulative adverse family
dynamics. First, Zalewski et al. (2012) found that with higher sociode-
mographic cumulative risks (parent income, education, marital status,
age, depression, negative life events, residential instability, household
density, observed parent-child interaction), young preschoolers had a
blunted diurnal salivary cortisol slope and a lower morning diurnal sali-
vary cortisol level. Zalewski et al. (2016) also found similar findings in a
longitudinal study, in that higher cumulative risk (parent income, edu-
cation, age, maternal depression and negative life events, residential
instability, household density, family functioning) predicted that young
preschoolers would have blunted diurnal salivary cortisol membership
or lower morning diurnal salivary cortisol at several time points. Lau-
rent et al. (2014) showed that increasing cumulative family adversity
was associated with lower evening diurnal salivary cortisol and less
stability.

3.5.3 | Null stress responses

Giuliano et al. (2018) found a null relationship between cumulative
family adversity (dichotomous risks of low income <$30,000 yearly,
single-parent status, maternal high school dropout, upper quartile of
family turmoil, child foster care experience, upper quartile of exposure
to violence, child maltreatment) and preschooler RSA baseline or reac-
tivity. Additionally, Laurent et al. (2014) found no relationship between
diurnal salivary cortisol and mean and variable cumulative adversity

from age 9 months to 4.5 years.

4 | DISCUSSION

This is the first known systematic review on evidence regarding
the associations between adverse psychosocial stressors at the fam-
ily level, outlined by the ecobiodevelopmental model, and stress
responses, along the HPA axis and ANS, in children 1-6 years of age.
From 32 observational and quasi-experimental studies, we examined
over 100 findings from more than 2000 unique children in 27 differ-
ent cohorts. Only 16 stress response findings were measured from
the ANS; the remainder of the findings were from measuring stress
responses along the HPA axis. Overall, the direction of the findings
was roughly evenly mixed (see Table 4 for a review). Specifically, in
response to a psychosocial stressor, approximately one third of overall
findings resulted in increased stress responses, one third of find-
ings resulted in blunted stress responses, and one third of findings
resulted in nonsignificant stress responses. In other words, nearly two
thirds of findings indicated an increased or blunted stress response
in the child, or overall dysregulation to psychosocial stressors, and
one third of findings were insignificant. Our quality appraisal of the
studies did not yield any major patterns of untoward bias, except that
most quasi-experimental studies did not have a control group. Some
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reasons for the mixed findings may be related to characteristics of
the child (i.e., moderators), characteristics of the stressor, how the
stress response was measured, unmeasured variables (e.g., caregiving
buffering), researcher degrees of freedom, or publication bias. Still, the
mixed results align with early childhood ecobiodevelopmental theo-
ries outlining that child characteristics (e.g., the vulnerability of child
to different stressors), stressor characteristics (e.g., type, duration, and
severity), and buffering support to the child (e.g., parenting style) may
shape child stress responses (Belsky, 2022; Gunnar & Quevedo, 2007;
Shonkoff et al., 2012). Given that experiencing early childhood stress
can advance skills or shape adverse outcomes later in life (McLaughlin
et al,, 2015; Shonkoff et al., 2012), these findings have important impli-
cations on the field of early childhood stress, related child outcomes,
and potential targets for intervention. Below includes a discussion
on the significance of dysregulated stress responses to theory-based
family-level psychosocial stressors, notable findings, limitations, and
future research.

In this study, we examined family-level psychosocial stressors in
accordance with ecobiodevelopmental theory (Shonkoff et al., 2012).
Particularly in early childhood, the family environment—including
stable and sufficient resources surrounding socioeconomics, mental
health, and relationships—is critical to early childhood development.
We anticipated that fewer resources and more unstable family envi-
ronments or conditions of caregivers would be associated with more
dysfunction of the child’s stress response system, manifested as either
heightened or dampened stress responses. We found nearly two thirds
of the results suggested that children have either blunted or increased
physiologic stress responses to psychosocial stressors, suggesting
overall dysregulation of their stress response systems to psychoso-
cial stressors. These mixed findings are similar to adolescent and adult
research, where stressors have the capacity to increase or dampen
stress responses (Ford et al., 2019; Miller et al., 2007). While stres-
sors for children and adults differ, we note that children may be using
similar physiologic stress response mechanisms to manage a perceptu-
ally significant stressor. That is, blunting responses to a stressor may
represent withdrawal and disengagement from a stressor, which could
represent an early developmental manifestation of “bracing oneself”
when the child is not able to physically or psychologically “escape”
from a difficult situation (Miller et al., 2007). Conversely, increased
stress responses may represent the child’s perception of being able
to physiologically manage the stressor, represented by activating and
mobilizing cellular and molecular resources to fight or flee the stressor
(Miller et al., 2007). However, there is little consensus as to whether
the blunted or increased stress response may be a positive, toler-
able, or toxic stress response due to the complexity of the stress
response system in humans and the multitude of social contexts and
interactions (e.g., buffering from the love and care of an adult) that
result in physiological stress responses that help a child manage their
lived environment. Yet, emerging research suggests that blunted stress
activity to psychosocial stressors is associated with poorer impulse
control, which may represent one’s difficulty navigating toward health-

ier life choices (Lovallo et al., 2019). Consequently, the combination of
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blunted stress activity and poor impulse control could represent a toxic
maladjustment to stressors.

One of the reasons for the dysregulated stress responses could be
related to the characteristics of the stressor. According to the eco-
biodevelopmental model and other researchers, we know that a child’s
physiologic stress response can be influenced by the type, duration, and
severity of the stressor (Gunnar & Quevedo, 2007; Miller et al., 2007;
Shonkoff et al., 2012). In our study, the types of psychosocial stressors
primarily studied were family resources (n = 27), followed by child-
family relationships (n = 17) and the physical environment (n = 4).
Of the family resources, 13 studies were on evaluating socioeconomic
resources and 14 on parent mental health. Indicators of SES-related
family resources primarily included parent income, education, and
race/ethnicity—factors that could also arguably be considered as of
chronic duration.

With regard to parent income, we interestingly found that chil-
dren might have dysregulated stress responses with very low or very
high income. Yet, researchers found both increased and blunted stress
responses. At lower and higher incomes, Bush et al. (2011) showed
that White children had higher diurnal salivary cortisol but Zalewski
et al. (2016) found blunted diurnal salivary cortisol slopes. The stres-
sors that low- or high-income individuals experience are likely vastly
different, but there also may be some similarities. While individuals
with low income likely are experiencing stress from not having enough
resources to meet basic needs, individuals with high income may have
added additional resources to their home that need to be managed,
contributing to stress. Zalewski et al. (2016) theorize that children
from both of these environments may be experiencing different types
of “isolation” as compared to middle-income families. For example, low-
income parents may often be away from their children or stressed
due to having to work several jobs to make ends meet. Higher income
parents may work long hours or be involved in commitments related
to having and managing a higher income lifestyle and thus may also
have to leave their children more often. However, it may also be that
caregivers with more income are more likely to have the resources
necessary to help buffer children from severe psychosocial stressors
than caregivers living in poverty, and thus the nuances of the curvi-
linear stress responses may not capture the subtleties of the severity
of extreme lived experiences. We may also not be able to ascertain
the severity of the stressor, as this may depend on the (physiologically
undetected perception of the child. More research will be needed to
explore these curvilinear relationships and associated mechanisms.

Another common psychosocial stressor we found in the litera-
ture was parent mental health—specifically maternal mental health.
Maternal mental health (depression: n = 7, stress and anxiety: n = 9)
was assessed more frequently postnatally compared to prenatally.
We found that children typically had increased physiologic stress
responses to greater maternal stress symptoms (depression and anxi-
ety) but blunted physiologic responses if the mother reported a clinical
stress-related diagnosis. Further, we found more consistent stress
response dysregulation if the child experienced maternal depression
or anxiety after childbirth (n = 7 relations with dysregulated stress

responses and n = 1 relation with null findings) as compared to pre-
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natally (n = 2 relations with dysregulated stress responses and n = 5
relations with null findings). Adding to a wide body of literature show-
ing how maternal depression can affect child outcomes (Goodman &
Gotlib, 1999; Jacques et al., 2019), we help delineate how it is related to
child stress responses. Perhaps one mechanism for this, delineated by
the ecobiodevelopmental model, is that the child’s stress response sys-
tems become primed and regulated with early experiences (Shonkoff
et al,, 2012). For example, while the mother is exhibiting depression
or anxiety symptoms, something about the mother’s affect or spe-
cific interactions with the child may prime the child’s stress responses
to manage these interactions with the depressed or anxious mother.
The child may “brace” themselves or activate molecular and cellular
resources to manage the interaction with their anxious or depressed
mother. This may be one mechanism for how early maternal depres-
sion and anxiety may shape how a child may manage interactions with
other individuals throughout life. The lack of significant findings of pre-
natal anxiety and depression as compared to postnatal may indicate
that the child’s face-to-face interactions with the mother’s affect may
be particularly important for priming stress responses.

One final notable finding was that nearly 75% of findings showed
a dysregulated stress response if a child encountered poorer inter-
actions with their caregiver. Poor interactions with a caregiver were
often with the mother, and included measures such as lower reci-
procity, lower synchrony during observed laboratory tasks, intrusive-
overcontrolling parenting, hostility, engagement, negativity, lower
warmth, lower reciprocity, and an insecure-ambivalent attachment.
The studies that found null responses measured ambivalent attach-
ment, a history of family violence, and maternal-child engagement.
These findings primarily suggest that experiencing negative interac-
tions with a primary caregiver may prompt the stress response system
to manage interaction, similarly to how a child may physiologically
“learn” to manage interactions with a depressed or anxious mother.
These findings also suggest that it may be difficult for the child to
receive sufficient “buffering” from this primary caregiver from other
types of psychosocial stressors. Hence, moving forward with research,
it may be critical to examine caregiver-child interactions as both a
stressor and as a potential moderator of a child’s stress response to
other psychosocial stressors, such as living with poverty.

We did not observe a consistent measure of a physiologic stress
response in children from the reviewed studies. However, we observed
more frequent assessments of the HPA axis (approximately 90 find-
ings) compared to the ANS (approximately 16 findings). Most often,
HPA assessments were diurnal measures of salivary cortisol, including
area under the curve and slopes from morning to night, and measures
of reactive salivary cortisol. Samples of salivary cortisol can reflect
diurnal pulsations of cortisol (with typical increases after awaken-
ing and then decreases through the day) or acute reactivity toward
stressors: cortisol typically increases about 20 min after a perceived
stressor with a recovery of about 70 min later (Engert et al., 2011). At
this time, our findings do not provide enough evidence to endorse one
single measure of physiologic stress in children. Various biomarkers
may reflect ongoing processes to support normal physiologic func-
tion, may have advantages and disadvantages in approximating stress
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responses, and may change along with advances in technology. For
example, researchers may want to consider measuring more long-
term indices of stress responses, such as hair cortisol, with chronic
stressors, such as poverty. However, there may be cases when it is
important to understand a child’s momentary reaction to a stressor,
such as using measures of reactive salivary cortisol within a context
of chronic stress, such as poverty. This may help understand how chil-
dren live in poverty or may react to acute stressors within structured
settings, such as in the classroom. This information could be critical to
helping reduce wellness-related disparities for children living with low

income.

4.1 | Limitations

While we approached this review in a systematic a priori fashion, some
studies may have been missed. This may have been why some research
on other products of the HPA axis (such as corticotropin-releasing hor-
mone, adrenocorticotropic hormone, and quantity of glucocorticoid
receptors), sometimes seen in adult research (Miller et al., 2007), did
not manifest in the search results. Additionally, some research may
have been missed due to researcher degrees of freedom or publica-
tion bias, as research with significant findings tends to be published
more often (“The importance of no evidence,” 2019). Another limi-
tation of this review is that we did not conduct a meta-analysis due
to the heterogeneity of the research and findings. Yet, this is one of
the first studies to concurrently examine two stress response systems
in children to identify potential patterns in response to psychosocial
stressors. While we attempted to synthesize the research by identify-
ing patterns, it is possible that the heterogeneous manner of measuring
psychosocial stressors and stress responses (e.g., log-transformation
of cortisol values or not, averaging morning values, calculating slopes,
measuring reactivity) limited our ability to fully synthesize findings.
We also did not detail moderators of the findings of the relationship
between psychosocial stressors and stress responses. It may be that,
for example, child age and sex and caregiver buffering could affect a
child’s physiological stress response to known psychosocial stressors.
For example, research suggests that age may affect hair cortisol val-
ues (Bates et al., 2017; Bryson et al., 2021). Child sex may also have an
impact, but it could be that sex differences in stress hormones are not
yet apparent due to low prepubertal levels of sex hormones or incom-
plete socialization of “appropriate” gender-specific stress responses in
young children (Bates et al., 2017). Finally, one noticeable limitation
of this study was that most of the children from the study samples
were drawn from White, Educated, Industrialized, Rich, or Democratic
(WEIRD) samples. Without including diverse individuals from non-
WEIRD contexts, the interpretation and generalizability of our findings
are limited. Because many samples from developing countries were
not included in this study, we will continue to have bias in our under-
standing of the relationship between psychosocial stressors and child
stress responses. This also limits our ability to draw conclusions about

potential targets for intervention.
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4.2 | Future research

Overall, the mixed findings of this review may reflect that on a popu-
lation level, it may be difficult to generalize stress responses in young
children without consistent measurement of the characteristics or cir-
cumstances surrounding the real-world stressor or stress response.
For example, maternal depression as a psychosocial stressor to a young
child may have differential timing, duration, and severity—children
may also have buffering support from a nondepressed father, which
could reduce the effects of maternal depression on a child’s stress
response system. Given the conglomerate of characteristics that could
shape relations between psychosocial stressors and stress responses
in young children, researchers should consider organizing collective
efforts to measure common data elements and consider additional
characteristics surrounding psychosocial stressors, including modera-
tors, to advance this area of research.

Notably, most of the studies that resulted from the search measured
aspects of cortisol in saliva. Research suggests that hair cortisol mea-
sures in young children are emerging (Bates et al., 2017), as 10 years
earlier, there was no mention of hair cortisol in a meta-analysis of HPA
axis stress responses in adults (Miller et al., 2007). Other trends in non-
invasively estimating stress responses are also emerging, such as the
cortisol content in nails (Liu & Doan, 2019). Because of the mixed find-
ings from this study, it may be that the field is not yet able to measure
stress responses precisely in young children. Because cortisol content
can represent normal physiological processes, it may be that measur-
ing cortisol as a stress response is not precise enough to capture true
stress responses for more naturalistic stressors examined in this study.
It may also be that children’s stress responses are complex, and per-
haps are buffered by unmeasured variables from these studies, which
limit the detection of a stress response to certain psychosocial stres-
sors. Another consideration is that most of the psychosocial stressors
examined in this study may be considered chronic, which could affect
interpretation of more acute measures of stress, such as salivary mea-
sures of cortisol, alpha-amylase, or RSA. Moving forward, researchers
should consider specific characteristics of the stressor and the child’s
stress responses, such as the HPA feedback circuit, type of the threat
such as distant (e.g., socioeconomic status) or proximal threats (direct
maternal hostility towards the child), and more nuances of the timing
(e.g., pregnancy trimester) and duration of the stressor (e.g., length of
untreated maternal depression).

Another consideration in advancing this research is exploring
additional molecular or genomic mechanisms surrounding child stress
responses to better understand how and why children differentially
react to stress. For example, one included study showed that genetic
variation in the child’s physiologic stress response was linked to
differential stress responses (Ludmer et al., 2015). This study high-
lights an expanding body of research on the genomic architecture of
young children’s developing stress responses to early psychosocial
stressors. For example, epigenetic studies show that early caregiving
shapes DNA methylation in stress response genes (Parent et al., 2017),

leading to varied stress responses in infants (Lester et al., 2018).
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There is also debate and mixed findings that the methylation of
stress response genes is intergenerationally transmitted (Moog et al.,
2018; Ramo-Fernandez et al, 2019), suggesting that researchers
perhaps consider taking a two-generation approach in understanding
offspring’s stress responses. A two-generation approach may be
beneficial in understanding how methylation of stress response genes
is intergenerationally transmitted and influences stress responses in
offspring, as heritability of some types of stress biomarkers in children
has been at least 50% (e.g., hair cortisol; Rietschel et al., 2017; Tucker-
Drob et al,, 2017). A two-generation approach may also illuminate
nuances of the relationship between maternal prenatal and postnatal
stress and child stress responses.

One final suggestion for future research surrounds expanding
research more deeply into the family-level context. While we focused
this study on microenvironmental aspects surrounding the child’s
home, we did not consider other factors that could influence the
child’s microenvironment such as early childhood education centers or
daycares, historic economic policies (e.g., family economic relief pack-
ages from COVID-19), and neighborhood conditions on child stress
responses (e.g., noise, family access to food choices). For example, some
children may spend a significant amount of awake time away from their
home environment, such as at an early education center. Theoretically,
the time-intensive interactions the child has with historically low-paid
(Whitebook et al., 2018) and burnt-out teachers in the United States
(Otten et al., 2019), who also have substantial turnover (Caven et al.,
2021), may affect the child’s stress response system. The transition to
school may also be stressful (Groeneveld et al., 2013) until the child can
adapt to the new environment. Further, most of the studies on parental
mental health were regarding maternal mental health. It will be critical
in advancing this research to understand the impact of paternal mental
health and that of other caregivers on child stress responses. Finally,
other environmental factors such as economic policies, neighborhood
noise, and family access to food choices may deeply affect conditions
of the family environment. These factors could be explored in future
research as potential moderators of the child’s stress response within
the family context.

4.3 | CONCLUSION

The large and expanding body of research on psychosocial stres-
sors and stress responses in young children continues to pose
more questions and answers. We used the ecobiodevelopmental
framework (Shonkoff, 2010; Shonkoff et al., 2012) to guide this
review. This framework proposes that the main and most prox-
imal stressful environments to the child that contain potentially
direct psychosocial stressors are associated with low levels of fam-
ily resources (e.g., low parental SES, parental mental health, adverse
family relationships, unsafe environments). Findings on child phys-
iologic stress outcomes were primarily dysregulated (both blunted
and increased) across diverse psychosocial stressors. Addressing the
mixed results, we reviewed key findings and implications for future

research.
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