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Abstract The study examined whether child physiological
(cortisol reactivity) and behavioral (negative emotionality)
risk factors moderate associations between the early rearing
environment, as measured by child exposure to maternal de-
pression and stressful life events, and preschool psychopathol-
ogy and psychosocial functioning. A sample of 156
preschool-aged children (77 boys, 79 girls; age M=
49.80 months, SD=9.57, range: 36–71) participated in an ob-
servational assessment of temperament and was exposed to a
stress-inducing laboratory task, during which we obtained five
salivary cortisol samples. Parents completed clinical inter-
views to assess child and parent psychopathology and stress-
ful life events. Results indicated that the combination of a
blunted pattern of cortisol reactivity and recent stressful life
events was associated with higher levels of preschoolers’ ex-
ternalizing symptoms and lower psychosocial functioning. In
addition, greater life stress was associated with higher levels
of preschoolers’ internalizing symptoms. Lastly, children with
high levels of negative emotionality and who were exposed to
maternal depression had the lowest social competence. Our
findings highlight the critical role of the early environment,
particularly for children with identified risk factors, and add to
our understanding of pathways involved in early emerging
psychopathology and impairment.

Keywords Risk . Vulnerability . Preschool
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Negative emotionality

Children’s emotional and behavioral problems are ranked
among the top five causes of impairment among chronic con-
ditions in the United States (Halfon et al. 2012). Developmen-
tal psychopathology research has begun to focus attention on
early childhood as findings suggest that psychiatric illnesses
have their roots early in life. Psychopathology in preschoolers
occurs at similar rates to those observed in older youth, is
associated with significant impairment, and persists across
childhood (Dougherty et al. 2015). Given the greater behav-
ioral and neural plasticity during early childhood, there is a
pressing need to identify the mechanisms and processes un-
derlying risk to inform the development of more effective
interventions for young children.

Environmental Risk

Life stress has been shown to play a key role in the etiology
and course of psychopathology across the lifespan (e.g., Mon-
roe and Reid 2009). Specifically, adverse early life experi-
ences consistently have been linked to increased risk for emo-
tional and behavioral problems and poorer psychosocial func-
tioning in children, adolescents, and adults (for a review see
Goodyer 1993). Although research with preschoolers is limit-
ed, some emerging evidence has demonstrated that exposure
to early stressful life events (e.g., household financial strain,
death of a loved one, peer rejection, parent–child conflict)
plays a significant role in the development of preschool psy-
chopathology (e.g., Luby et al. 2006). Maternal depression
history is another potent predictor of offspring’s long-term
negative outcomes, including increased rates of psychopathol-
ogy, social impairment, physical illness, suicide, and mortality
(Weissman et al. 2006). Notably, a child’s exposure to mater-
nal depression, particularly during early childhood, has been
liked to increased risk for emotional and behavioral problems
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in early childhood (Brennan et al. 2008; Dougherty et al.
2013), as well as later childhood and adolescence (Bagner
et al. 2010; Hay et al. 2008). This is likely due, at least in part,
to the associated disruptions in parenting and the early rearing
environment, including marital and financial problems and
inadequate social support (Goodman and Gotlib 1999). Taken
together, although there is support that exposure to stress in
the early rearing environment increases a young child’s risk,
exposure to these stressors does not universally lead to mal-
adjustment, highlighting the complexity of early stress-
psychopathology associations.

Vulnerability-stress models of psychopathology (Monroe
and Simons 1991; Zuckerman 1999) have proposed that
person-level characteristics increase certain individuals’ risk
for maladaptation when exposed to environmental adversity.
A considerable research base has supported vulnerability-
stress models in older youth and adults for multiple forms of
psychopathology (Belsky and Pluess 2009; Ingram and Price
2009); however, a limited amount of research has extended
these models to preschool mental health problems. Thus, the
current study examined whether early biological and behav-
ioral child-level risk factors moderate associations between
the early rearing environment, as measured by recent life
stress and child exposure to maternal depression during the
first few years of life, and preschoolers’ emotional and behav-
ioral problems and psychosocial functioning. Specifically, we
focused on two proposed markers of child-level risk: physio-
logical stress reactivity and temperamental negative emotion-
ality (NE).

Child-Level Risk

Stress ReactivityOne aspect of child-level physiological risk
that has received increasing attention is stress reactivity. When
humans are faced with stress, an integrated complex system of
neurobiological processes, involving the hypothalamic-
pituitary-adrenal (HPA) axis, is activated and results in the
synthesis and release of the stress hormone cortisol. Abnor-
malities in the cortisol response to a psychosocial stressor
have been linked concurrently (for a review see Gunnar and
Vazquez 2006) and prospectively (e.g., Morris et al. 2012) to
psychopathology in youth and adults. Recent work has begun
to examine how HPA axis reactivity differentially influences
associations between environmental factors and youths’ emo-
tional and behavioral problems, and findings suggest that dys-
regulated cortisol reactivity moderates associations between
family stress and children’s psychological functioning in both
preschool-aged children (Hastings et al. 2011; Klitzing et al.
2012; Obradovic et al. 2010) and older youth (Badanes et al.
2011; Rudolph et al. 2011; Saxbe et al. 2012). However, find-
ings have been mixed with studies showing both increased
(Hastings et al. 2011; Obradovic et al. 2010; Rudolph et al.

2011; Saxbe et al. 2012) and blunted (Badanes et al. 2011;
Klitzing et al. 2012) cortisol reactivity as potential child-level
vulnerability markers. Although this work provides promising
support for cortisol reactivity as a marker for increased risk,
even in preschool-aged children, significant methodological
limitations remain. First, assessments of preschoolers’ cortisol
reactivity have been limited by collecting cortisol samplings at
two time points (Hastings et al. 2011; Klitzing et al. 2012;
Obradovic et al. 2010) or three time points only (Badanes
et al. 2011). Without multiple post-stress cortisol samples,
these assessments limit the extent to which studies capture
peak cortisol responses and the downregulation of the cortisol
response, which may contribute to the conflicting findings. In
addition, no study in preschoolers has examined whether the
findings are consistent across measures of internalizing and
externalizing symptoms and psychosocial functioning. Thus,
the current study aimed to address these limitations by
employing a rigorous stress assessment that includes the col-
lection of one pre-stress cortisol sample followed by four post-
stress cortisol samples and by including measures of pre-
schoolers’ internalizing and externalizing symptoms and psy-
chosocial functioning.

Negative Emotionality (NE) Individual differences in chil-
dren’s temperament, particularly child NE, have been exam-
ined as early-emerging vulnerability markers. Temperament
refers to patterns of behavioral and emotional reactivity and
self-regulation processes that are relatively stable and are root-
ed in part in early developing biological systems (Rothbart
and Bates 2006; Shiner et al. 2012). NE, one of the primary
higher-order temperament dimensions identified in children
and adults, reflects a tendency to respond to novel and frus-
trating situations with sadness, anger, fear, and distress
(Rothbart and Bates 2006). NE has been linked concurrently
and prospectively with children’s internalizing and externaliz-
ing psychopathology and lower social competence and status
(for reviews see Dougherty 2004 and Rothbart and Bates
2006). Findings suggest that childrenwith temperaments char-
acterized by high levels of NE are more likely to exhibit
higher levels of psychological problems within the context
of harsh parenting than children with easy temperaments
(Belsky et al. 1998; Morris et al. 2002; van Aken et al.
2007). However, these studies generally have relied on
parent-report measures of child temperament (e.g., Morris
et al. 2002; van Aken et al. 2007), which are subject to infor-
mant biases and shared method variance with parent report
measures of psychopathology. A limited number of studies
have included observational measures of temperament. Obser-
vational laboratory measures, although time consuming and
limited to a single context, provide a more objective and con-
trolled approach to assessing temperament in young children.
In addition, the majority of contextual-risk assessments have
focused specifically on negative parenting behaviors, without
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considering the child’s broader exposure to multiple stressors
in his or her environment. Furthermore, despite evidence
linking maternal depression to increased risk in their offspring
(Weissman et al. 2006) and evidence linking NE and depres-
sion (Kendler et al. 1993), no research to date has examined
the moderating role of child NE on the association between
exposure to maternal depression and children’s adjustment.

Multiple Levels of Analysis

Much of the literature has examined one level of the hypoth-
esized person-level moderator in associations between envi-
ronmental risk and adjustment, which thwarts the opportunity
to assess whether different levels of measurement (physiolog-
ical vs. behavioral) reflect a common, shared sensitivity to the
environment. Given that temperament is proposed to be at
least partially biologically based and links, albeit small, be-
tween child temperament and neuroendocrine function have
been observed (Gunnar and Vazquez 2006), it is possible that
cortisol reactivity and temperament may reflect a common
vulnerability to stressful environments (e.g., Boyce et al.
2006). Conversely, physiological and behavioral vulnerability
markers may reflect distinct risks to adverse environmental
experiences (e.g., Essex et al. 2011). Thus, it is important to
examine early markers of risk across multiple levels of
analysis.

Current Study

The current study examined the moderating role of
young children’s cortisol reactivity and temperamental
NE on associations between negative features of the
early rearing environment and preschoolers’ internaliz-
ing and externalizing symptoms and psychosocial func-
tioning. To minimize the effects of shared method var-
iance, we used observational assessments of tempera-
ment, a comprehensive physiological stress assessment,
and clinical interviews of parent and child psychopa-
thology and life stress. Based on research demonstrating
that child cortisol reactivity and child NE may render
youth more vulnerable to negative outcomes in the face
of stress, we hypothesized that preschoolers with abnor-
malities in cortisol reactivity and high NE would exhibit
the greatest symptoms and impairment in high levels of
early adversity, as measured by exposure to maternal
depression and recent life stress. As both elevated and
blunted cortisol reactivity have been linked to risk for
psychopathology, we did not have an a priori hypothesis
regarding whether increased or blunted cortisol reactivi-
ty would confer greater risk.

Method

Participants

The sample consisted of 175 children and parents recruited
from the Washington, DC metropolitan area (Dougherty
et al. 2013). Potential participants were identified using adver-
tisements (73.1 %) and a commercial mailing list (26.9 %). In
our recruitment efforts to obtain a high-risk sample of young
offspring of depressed parents, we targeted a subsample of
parents with a history of depression using advertisements.
Included families had a child between 3 and 5 years of age,
who had no significant medical condition or developmental
disability, with no parental history of bipolar or psychotic
disorder, and who lived with at least one English-speaking
biological parent. Of the 175 children participating in the
study, one child did not speak English well enough to under-
stand the laboratory tasks and two children had a parent with a
lifetime history of bipolar disorder-not otherwise specified
and were excluded from the study. Sixteen (9.1 %) children
did not return for the second laboratory visit that included the
clinical interview on child psychopathology. Thus, the total
sample for this study included 156 preschool-aged children
(77 boys, 79 girls).

Children’s mean age was 49.80 months (SD=9.57; range:
36–71). The sample was racially diverse: White (n=74,
48.4 %), Black/African-American (n=53, 34.6 %), Asian
(n=3, 2.0 %), or multi-racial/other race (n=23, 15.0 %); 26
(17.1 %) children were of Hispanic/Latino descent. Mothers’
mean age was 34.94 years (SD=6.15, range: 21–50), and fa-
thers’ mean age was 37.18 years (SD=6.86; range=20–57).
Participating families reported a range of family incomes: less
than $20,000 (7.3 %), $20,001–$40,000 (8.7 %), $40,
001–$70,000 (20.7 %), $70,001–$100,000 (28.7 %), and
greater than $100,001 (34.7 %). The majority of children
had at least one parent with a 4 year-college degree (n=108,
69.2 %) and lived in a two-parent household (n=112, 71.8 %).

Procedures

This study was approved by the human subjects review board,
and informed consent was obtained from parents. At the first
laboratory visit, children participated in an observational tem-
perament assessment battery to assess child NE. Approxi-
mately 1 to 2 months later (M=33.74 days, SD=37.88), fam-
ilies returned to the laboratory, and children participated in a
psychological stressor paradigm, during which we collected
salivary cortisol samples to assess child stress reactivity. At
the second visit, parents were interviewed using a structured
clinical interview to assess child psychopathology, stressful
life events, and psychosocial functioning. In between labora-
tory sessions, mothers completed a structured clinical inter-
view on the telephone to assess their psychiatric history.
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Measures

Child NE All 156 children interacted with a female experi-
menter in eight standardized tasks from the Laboratory Tem-
perament Assessment Battery (Lab-TAB; Goldsmith et al.
1995). In an independent sample, Lab-TAB ratings of temper-
amental NE demonstrated moderate stability from ages 3 to 7
(r=0.45) and moderate concurrent and longitudinal associa-
tions with home observations (Durbin et al. 2007). Episodes
were ordered to prevent carry-over effects. Between episodes
the child took brief play breaks with the experimenter to allow
for return to a neutral state. Parents were present in the obser-
vation room for all episodes except Pop-up Snakes and Box
Empty (see below). The episodes, in order of presentation,
were: (1) Make that Car Go – child and experimenter raced
two remote-controlled cars, (2) Transparent Box – child was
given inoperable keys to open a transparent box that contained
an appealing toy, (3) Exploring New Objects – child was pre-
sented with the opportunity to explore novel stimuli, (4) Pop-
up Snakes – child surprised his/her parent with what appeared
to be a can of potato chips, but actually contained coiled
spring snakes, (5) Impossibly Perfect Green Circles – experi-
menter asked the child to draw several circles, mildly criticiz-
ing each one, (6) Popping Bubbles – child and experimenter
played together with a bubble toy, (7) Snack Delay – child was
instructed to wait for the experimenter to ring a bell before
eating a small snack, and (8) Box Empty – child was given a
wrapped empty box to open, under the assumption that a prize
was inside.

Episodes were videotaped and scored using a detailedman-
ual (e.g., Dougherty et al. 2011; Olino et al. 2010). Experi-
enced coders who demonstrated reliability using the coding
system on a previously coded independent sample (Dougherty
et al. 2011; Olino et al. 2010) trained all novice coders. Novice
coders first watched videos from a previously coded, indepen-
dent sample to become familiar with children’s behaviors in
specific laboratory contexts. Second, experienced coders held
weekly individual and group coding meetings to teach the
coding system. When the coders demonstrated accurate cod-
ing compared to the previously coded sample and our experi-
enced coders, the coders coded independently and continued
to attend weekly coding meeting where every 10th participant
of each coder was reviewed with an experienced coder to
monitor rating drift. The coding system considered facial,
bodily and vocal indicators of fear, sadness and anger. Each
display of facial, bodily and vocal affect in each episode was
rated on a three-point scale (low, moderate, high). Ratings
were summed separately within each channel (facial, bodily,
vocal) across the eight episodes for sadness and anger, stan-
dardized, and summed across the three channels to derive total
scores for sadness and anger. The fear variable was created
using the same procedure across three episodes (Exploring
NewObjects, Pop-up Snakes, and Box Empty).We calculated

an aggregate NE variable, which consisted of averaging rat-
ings of facial, bodily, and vocal anger, sadness, and fear. In-
ternal consistency (Cronbach alpha = 0.79) and interrater re-
liability (intraclass correlation coefficient [ICC] = 0.83, n=15)
for NE were good.

Cortisol ReactivityDuring the second laboratory session, we
assessed children’s cortisol reactivity using an acute psycho-
logical stressor paradigm that has been demonstrated to elicit a
mean increase in cortisol in preschool-aged children (Kryski
et al. 2011). The stressor paradigm consisted of a timed
matching task consisting of three trials (M=8.1 min, SD=
1.8; for a complete description of the task see Tolep and
Dougherty 2014). Children were told if they successfully
completed the task, they would win their chosen prize. Chil-
dren were told that they had 3 min to complete a matching
trial, but the experimenter manipulated the timer such that
children failed each trial. To elicit feelings of social evaluative
threat, the experimenter maintained a neutral expression while
sitting with a clipboard and pretending to take notes on the
child’s performance. Furthermore, children were told that the
matching task was easy and that even little kids could finish in
the allotted time. At the end of the third failed trial, the exper-
imenter informed children that the timer was broken and pro-
vided children with a prize for their efforts. Cortisol samples
were obtained prior to the start of the task following a 30-min
acclimation period to the laboratory, and then at 20, 30, 40,
and 50 min following the completion of the stressor task (i.e.,
after the third failed trial and before receipt of the prize). Par-
ents were asked to refrain from feeding their child for 1 h and
from giving their child caffeine for 2 h prior to the session. No
children were taking corticosteroids.

Saliva samples were obtained by having children dip
a cotton dental roll (Richmond Sterile Cotton Dental
Roll) into a few grains (0.025 g) of Kool-Aid® mix.
The children then placed the cotton roll in their mouths
and were instructed to chew on the dental roll for 1 min
or until saturated. The wet cotton was expressed into an
Eppendorf Safe-Lock 1.5 ml micro tube. Tubes were
kept frozen at −20 °C until assayed in duplicate using
a time-resolved fluorescence immunoassay with
flourometric end-point detection (DELFIA). Salivary
cortisol samples were assayed at the Biochemical Labo-
ratory at the University of Trier, Germany. The use of
the oral stimulant was carefully monitored across all
samples. The procedures employed here have been
shown to yield little-to-no effect on cortisol concentra-
tions (Talge et al. 2005). Inter- and intra-assay coeffi-
cients of variation were 7.1–9.0 % and 4.0–6.7 %, re-
spectively. Of the 156 children, eight were excluded due
to the following reasons: one child did not provide cor-
tisol reactivity samples, four children had consistently
extreme cortisol values (>3 SD above the mean; Gunnar
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and White 2001), and three children were sick with a
fever or currently taking antibiotic medication. Thus,
148 children’s data were used in analyses involving
cortisol.

To derive a measure of cortisol reactivity, we calcu-
lated the area under the curve with respect to the in-
crease (AUCi) in cortisol using raw cortisol values,
which estimates the total change in cortisol across the
five cortisol samplings (Pruessner et al. 2003). As a
c ommon i n d i c a t o r o f c o r t i s o l r e a c t i v i t y i n
psychoneuroendocrine research, the AUCi provides a
summary statistic of change in cortisol responses with-
out losing information gained from multiple measure-
ments (Pruessner et al. 2003).

Child Exposure to Maternal Depression Children’s biolog-
ical mothers were interviewed using the Structured Clinical
Interview for DSM-IV, Non-Patient version (SCID-NP; First
et al. 1996). The SCID is among the most widely used diag-
nostic interviews, and its interrater reliability and procedural
validity have been well documented (Williams et al. 1992).
Interviews were conducted by telephone by a master’s level
rater with extensive training in the SCID. SCIDs were obtain-
ed from 154 (98.7 %) mothers. Major depressive disorder
(MDD) and dysthymic disorder (DD) were collapsed into a
single category reflecting depressive disorder. Based on au-
diotapes of 16 SCID interviews, the kappa for inter-rater reli-
ability was 1.00 for lifetime depressive disorder. If a mother
had a lifetime depressive disorder based on the SCID (n=76),
the onset and offset dates of all episodes were recorded to
determine whether the mother had depression during the
child’s life. A life event calendar approach was used to aid
recall (Belli et al. 2001). A similar life event calendar ap-
proach yielded 92.5 % accurate recall of the timing of depres-
sive episodes in a 1-month test-retest study of 10-year retro-
spective reporting of psychiatric symptoms (Kim-Cohen et al.
2005). The total number of months the child was exposed to
maternal depression during his or her life was summed and
divided by the child’s age in months to yield the total propor-
tion of offspring exposure across the child’s life. Of the 47
children exposed to maternal depression, the average propor-
tion of exposure was 0.49 (SD=0.36, range: 0.02–1.00).

Life StressorsRecent stressful life events were assessed using
the Preschool Age Psychiatric Assessment (PAPA; Version
1.4; Egger et al. 1999) interview. Primary caregivers were
asked whether 32 major life events (e.g., parental separation/
divorce; parental arrest; moving to a new place; reductions in
standard of living; loss of a home; hospitalization of parent;
serious accident or hospitalization of child) occurred during
the child’s life, the extent to which the child was affected by
the event, and the date of the event. The interviewer deter-
mined whether the parent’s description matched the defined

criteria. For the purposes of this study, we summed the total
number of major stressful life events that occurred within the
12 months prior to the PAPA interview (M=2.38, SD=1.71;
ICC=0.95, n=15).

Child Psychiatric Symptoms Children’s emotional and
behavioral symptoms were assessed using the PAPA, a
structured psychiatric diagnostic interview with parents.
The PAPA is a parent-reported interview that assesses a
comprehensive set of symptoms from the DSM-IV-TR
in young children (2–6 years-old) during the past 3
months. The PAPA follows a required set of questions
and probes, but symptoms are only endorsed when they
meet the criteria, as outlined in the extensive glossary.
For information on the interview’s psychometric proper-
ties, see Egger et al. (2006). Previous studies have sup-
ported the reliability and validity of the PAPA (e.g.,
Bufferd et al. 2011, 2012; Dougherty et al. 2011; Luby
et al. 2009).

All interviews were conducted by trained graduate
students. Primary caregivers (142 mothers, 9 fathers, 5
both parents) provided diagnostic information on all 156
children. Dimensional symptom scales for depression
(MDD, DD, or depression-not otherwise specified
[NOS]), anxiety (specific phobia, separation anxiety, so-
cial phobia, generalized anxiety disorder, agoraphobia,
panic disorder, selective mutism), attention-deficit/hyper-
activity disorder (ADHD), and oppositional defiant dis-
order (ODD) were created by summing items in each
diagnostic category. We created total internalizing (M=
16.19, SD=9.38) and externalizing (M=7.00, SD=5.20)
symptom scales by summing the depression and anxiety
symptom scales, and the ADHD and ODD symptom
scales, respectively. Internal consistency and inter-rater
reliability were good for the internalizing (α=0.83;
ICC=0.96, n=15) and externalizing (α=0.83; ICC=
0.92, n=15) symptom scales.

Child Psychosocial Functioning Two measures of psycho-
social functioning were assessed. First, following the
completion of the PAPA, the interviewer rated children’s
overall level of psychosocial functioning using the Chil-
dren’s Global Assessment Scale (CGAS; Shaffer et al.
1983). CGAS scores range from 0 to 100, where 0
reflects the worst functioning and 100 reflects superior
functioning (M=72.33, SD=13.95, ICC=0.78). CGAS
scores demonstrate good convergent validity with
clinician-rated child competence (Green et al. 1994)
and differentiate treatment referred from non-referred
children (Bird et al. 1987). Second, children’s social
competence was assessed using the Ratings of Chil-
dren’s Behaviors Scale (Eisenberg et al. 1993). Parents
(n=149) rated children's general social skills on a
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seven-item four-point response scale, with higher scores
reflecting higher social competence (M=24.02, SD=
3.02, α=0.68).

Data Analysis Plan

The study had four dependent variables: children’s in-
ternalizing symptoms, externalizing symptoms, psycho-
social functioning, and social competence. First, we ex-
amined correlations between demographic variables
(child age, gender, race, family income, parental educa-
tion, and single-parent household) and the dependent
variables. Only child age and gender were associated
with the dependent variables, and thus were included
as covariates in all models. To test our hypothesis, we
performed multiple regression analyses examining the
main and interactive effects of early adverse environ-
mental factors (recent life stress and child exposure to
maternal depression) and child-level risk factors (cortisol
reactivity and child NE). Separate models were run for
each of the dependent variables. Significant interactions
were probed using simple slopes tests according to Ai-
ken and West (1991)’s guidelines. Furthermore, Hayes
and Matthes’ guidelines (Hayes and Matthes 2009) were
used to test regions of significance according to the
Johnson-Neyman technique (Johnson and Fay 1950).
This approach uses the asymptotic variances, covari-
ances, and other regression parameters to determine the
upper and lower boundaries of the moderator at which
the relation between independent and dependent variable
is significant (p<0.05). In the current study, child-level
risk factors were the moderators, and thus testing re-
gions of significance revealed at which levels of child
cortisol reactivity or child NE, early experiences were
significantly associated with child outcomes.

Results

Means, standard deviations, and correlations among all
study variables are presented in Table 1. Child age was
positively associated with children’s social competence,
and child gender was significantly related to children’s
externalizing symptoms, psychosocial functioning, and
social competence. Boys were reported to have more
externalizing symptoms (M=8.00, SD=5.90) than girls
(M=6.03, SD=4.22), t(137.45)=2.40, p=0.018; lower
psychosocial functioning (M=69.84, SD=15.51) than
girls (M=74.75, SD=11.85), t(142.22)=−2.21, p=0.028;
and lower social competence (M=23.23, SD=3.22) than
girls (M=24.77, SD=2.63), t(147)=−3.21, p=0.002.
Thus, child gender and age were included as covariates.

Child cortisol reactivity and NE were not significantly
correlated.

Child-Level Risk, Early Experience, and Preschoolers’
Symptoms and Functioning

Results of the multiple linear regression models are pre-
sented in Table 2. Main effects for child-level risk fac-
tors and early experience, and interactive effects be-
tween child-level risk factors and early experiences were
examined for each of the outcomes. There were signif-
icant main effects for recent life stressors and child
exposure to maternal depression. Specifically, children
who experienced more stressful life events had higher
internalizing and externalizing symptoms and worse
psychosocial functioning. Child total exposure to mater-
nal depression was associated with children’s lower so-
cial competence.

As seen in Table 2, we observed a significant inter-
action between children’s cortisol reactivity and recent
stressors on children’s externalizing symptoms.
Figure 1a shows that for children with low levels of
cortisol reactivity, there was a significant positive asso-
ciation between recent stressors and externalizing symp-
toms (B=2.13, SE=0.64, p=0.001), whereas for children
with higher levels of cortisol reactivity there was no
significant association between recent stressors and ex-
ternalizing symptoms (B=0.01, SE=0.60, p=0.993). To
determine the degree of children’s cortisol reactivity at
which the association between recent stressors and ex-
ternalizing symptoms was statistically significant, we
identified the regions of significance for children’s cor-
tisol reactivity. We found that for children with cortisol
reactivity at levels less than −0.01 (standardized z-
score), recent stressors were significantly positively as-
sociated with externalizing symptoms.

The interaction between children’s cortisol reactivity
and recent stressors was also significantly associated
with children’s psychosocial functioning. Figure 1b
shows that for children with low cortisol reactivity,
there was a significant negative association between re-
cent stressors and psychosocial functioning (B=−6.56,
SE=1.68, p<0.001), whereas for children with high cor-
tisol reactivity, there was no significant association be-
tween recent stressors and psychosocial functioning (B=
−1.65, SE=1.57, p=0.295). Regions of significance tests
indicated that at levels of children’s cortisol reactivity
less than 1.02 (standardized z-score), recent stressors
were significantly associated with poorer psychosocial
functioning.

As seen in Table 2, we also observed a significant
interaction between child NE and child cumulative ex-
posure to maternal depression on children’s social
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competence. Figure 2 shows that for children with high
levels of NE, there was a significant negative associa-
tion between child cumulative exposure to maternal de-
pression and children’s social competence (B=−1.19,
SE=0.38, p=0.002), whereas for children with low
levels of NE, there was no association between child

cumulative exposure to maternal depression and social
competence (B=0.03, SE=0.34, p=0.928). Regions of
significance tests indicated that at levels of children’s
NE greater than −0.12 (standardized z-score), greater
child cumulative exposure to maternal depression was
significantly associated with lower social competence.

Table 1 Correlations among all study variables

1 2 3 4 5 6 7 8 9 10 11 12 13

1. Child cortisol reactivity –

2. Child NE −0.05 –

3. Cumulative maternal
depression exposure

−0.04 −0.02 –

4. Recent life stressors 0.04 −0.03 0.13 –

5. Child internalizing symptoms −0.03 −0.10 −0.03 0.29** –

6. Child externalizing
symptoms

−0.02 −0.03 0.15 0.16* 0.43** –

7. Child psychosocial
functioning

0.02 −0.02 −0.20 −0.27** −0.58** −0.68** –

8. Child social competence 0.03 −0.17* −0.18* 0.04 −0.14 −0.33** 0.39** –

9. Child age −0.07 −0.17* 0.04 0.03 −0.08 0.01 0.02 0.20* –

10. Child gender −0.08 −0.19* −0.06 −0.05 0.12 −0.19* 0.18* 0.26** −0.02 –

11. Child race −0.08 0.17* 0.08 0.17* 0.16 0.05 −0.04 −0.08 −0.03 −0.01 –

12. Parent education −0.12 −0.16 −0.15 −0.14 0.01 −0.03 −0.02 0.05 0.08 0.14 −0.33** –

13. Family income 0.01 −0.18* −0.12 −0.16 0.05 −0.03 0.00 0.00 −0.01 0.06 −0.32** 0.55** –

14. Single parent 0.01 0.03 0.27** 0.14 0.04 0.04 −0.09 0.11 0.06 −0.01 0.32** −0.29** −0.60**
Mean −1.50 −0.01 0.15 2.38 16.19 7.00 72.33 24.02 49.80 – – – –

(SD) (10.25) (0.69) (0.30) (1.71) (9.38) (5.20) (13.95) (3.02) 9.57 – – – –

N 148 148 147 148 148 148 148 142 148 148 145 148 142

NE = negative emotionality; child age reported in months; child gender: male = 1 (n=77), female = 2 (n=79); child race: White = 0 (n=71) and non-
White = 1 (n=74); parent education: 0 = neither parent with 4 year college degree (n=44) and 1 = at least one parent with 4 year college degree (n=104);
family income: 1 = < $20,000 (n=9), 2 = $20,001–$40,000 (n=13), 3 = $40,001–$70,000 (n=27), 4 = $70,001–$100,000 (n=41), 5 = > $100,000 (n=
52); single parent household: 0 = two-parent household (n=115), 1 = single-parent household (n=33); * p<0.05, ** p<0.01

Table 2 Child-level risk, early experience, and preschoolers’ symptoms and functioning

Internalizing symptoms Externalizing symptoms Psychosocial functioning Social competence

b (SE) Β b (SE) Β b (SE) β b (SE) β

Child age −0.87 (0.82) −0.09 −0.06 (0.45) −0.01 0.46 (1.18) 0.03 0.55 (0.25) 0.17*

Child gender 2.23 (1.60) 0.12 −1.73 (0.88) −0.17 3.61 (2.30) 0.13 1.11 (0.50) 0.18*

Maternal depression exposure −0.57 (0.80) −0.06 0.63 (0.44) 0.12 −2.19 (1.16) −0.15 −0.57 (0.25) −0.19*

Life stress 2.75 (0.81) 0.29** 0.99 (0.44) 0.19* −3.87 (1.16) −0.27** 0.21 (0.25) 0.07

Child NE −0.75 (0.79) −0.08 −0.33 (0.44) −0.06 0.14 (1.14) 0.01 −0.38 (0.24) −0.13
Child CR −0.46 (0.92) −0.04 −0.41 (0.51) −0.07 1.17 (1.33) 0.07 0.19 (0.28) 0.06

Child NE x maternal depression exposure 0.09 (0.92) 0.01 0.58 (0.50) 0.10 −2.00 (1.32) −0.12 −0.62 (0.28) −0.18*

Child NE x stress 0.06 (0.76) 0.01 −0.33 (0.42) −0.07 0.08 (1.01) 0.01 −0.22 (0.23) −0.08
Child CR x maternal depression exposure −0.67 (0.95) −0.06 0.27 (0.52) 0.04 −1.12 (1.37) −0.07 0.06 (0.30) 0.09

Child CR x stress −0.53 (0.85) −0.05 −1.06 (0.47) −0.19* 2.48 (1.22) 0.17* 0.29 (0.26) 0.09

R2=0.12
F(10,136)=1.83†

R2=0.13
F(10,136)=1.98*

R2=0.17
F(10,136)=2.70**

R2=0.19,
F(10,131)=3.08**

Child gender: male = 1, female = 2; CR = cortisol reactivity; NE = negative emotionality; † p<0.10, * p<0.05, ** p<0.01
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No significant interactions were observed for preschoolers’
internalizing symptoms.

Discussion

This study tested the moderating role of child physiological
and behavioral risk factors on associations between early

environmental stress and preschoolers’ psychopathology and
psychosocial functioning. Child physiological and behavioral
risk factors were not significantly correlated, and distinct pat-
terns of moderation emerged for child cortisol reactivity and
observed NE. Preschool-aged children with low cortisol reac-
tivity who experienced high stress in the past year evidenced
more externalizing symptoms and greater functional impair-
ment. In addition, children with high levels of observed NE
who were exposed to maternal depression during the first few
years of life evidenced poorer social competence. Although no
moderated effects were observed for preschoolers’ internaliz-
ing symptoms, higher levels of recent life stress were associ-
ated with preschoolers’ greater internalizing symptoms. Our
findings suggest that children’s physiological and behavioral
reactivity reflect separate pathways of risk to environmental
influences rather than a shared, common system of sensitivity.
Moreover, our findings are consistent with research in older
youth and adults documenting that child-level risk factors in-
crease risk for psychopathology in the face of stress, and high-
light the critical importance of examining the joint interactive
effects of person-level and context-level risks on young chil-
dren’s emotional and behavioral outcomes.

Child Cortisol Reactivity

We found that for preschoolers with low cortisol reactivity, life
stress in the past year was associated with greater externaliz-
ing symptoms and poorer psychosocial functioning, whereas
for preschoolers with high cortisol reactivity, life stress was
not associated with symptoms or impairment. Previous re-
search has demonstrated links between blunted cortisol levels
and preschoolers’ externalizing behavior problems, although

Fig. 1 a. The interaction between cortisol reactivity and recent stressors on preschoolers’ externalizing symptoms. b. The interaction between cortisol
reactivity and recent stressors on preschoolers’ psychosocial functioning

Fig. 2 The interaction between child negative emotionality and child
cumulative exposure to maternal depression on preschoolers’ social
competence
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the findings have been mixed (Alink et al. 2008). While we
did not observe main effects of blunted cortisol reactivity in
our sample of preschoolers, our findings are consistent with
two studies that supported blunted cortisol as a vulnerability
marker in the context of stressful environments. Badanes and
colleagues (2011) found that in a sample of third, sixth, and
ninth grade children, the combination of children’s blunted
cortisol reactivity and family stress predicted increases in
depressive symptoms over time. Moreover, Klitzing and
colleagues (2012) found that the combination of blunted cor-
tisol reactivity and peer victimization in 5-year old children
predicted greater emotional symptoms. While neither of these
studies examined children’s externalizing symptoms, they
both support blunted cortisol reactivity as a physiological sus-
ceptibility marker rendering children more vulnerable to life
stress.

A broader literature has suggested that blunted cortisol re-
activity is a consequence of chronic exposure to life stress
(Miller et al. 2007). It has been posited that after exposure to
chronic sources of stress, the HPA axis down-regulates as an
adaptive mechanism to protect the brain and body from the
adverse effects of prolonged hyper-activation (Fries et al.
2005). Thus, a blunted pattern of cortisol reactivity in children
may be a marker of allostatic load in response to repeated
exposure to early life stressors (McEwen 1998). Interestingly,
we did not find a significant association between exposure to
major life stressors in the past 12 months and children’s cor-
tisol reactivity. Nevertheless, it is possible that the pattern of
cortisol reactivity we observed was due to exposure to earlier
chronic, rather than recent, life stressors, which may have
rendered these young children more susceptible to recent life
stress. Nevertheless, our results are cross-sectional and cannot
directly test the directionality of these effects. Future research
should examine whether blunted cortisol reactivity serves as a
pre-existing vulnerability marker, and how early and concur-
rent life stress influence children’s cortisol responses across
development.

Consistent with previous research in preschoolers (Luby
et al. 2006) and a large body of research in adults (Monroe
and Reid 2009), stressful life event was associated with pre-
schoolers’ internalizing symptoms. However, no interactive
effects between child-level and environmental-level risks
were observed for preschoolers’ internalizing symptoms.
The specificity of our findings to externalizing symptomatol-
ogy and psychosocial functioning, rather than internalizing
symptoms, may be due in part to developmental factors. Ex-
ternalizing problems are relatively common in early childhood
and are the primary reason parents seek treatment for pre-
schoolers (Dougherty et al. 2015). Furthermore, early exter-
nalizing problems are a potent predictor of later internalizing
symptoms and disorders, even after accounting for early inter-
nalizing symptoms (e.g., Copeland et al. 2013; Mesman et al.
2001). Thus, the combination of blunted cortisol reactivity

and exposure to life stress may be part of a developmental
trajectory through which early externalizing problems lead
to later internalizing problems. Longitudinal work should in-
vestigate these relations over time, particularly through ado-
lescence, when risk for internalizing disorders significantly
increases.

Child Negative Emotionality

We found that for children with high levels of observed
NE, greater exposure to maternal depression was asso-
ciated with preschoolers’ poorer social competence. Our
observed interaction effect is consistent with studies
demonstrating that children high in NE are more sus-
ceptible to the negative effects of adverse parenting
contexts (e.g., Belsky et al. 1998; Morris et al. 2002;
van Aken et al. 2007). Children high in NE may be
particularly vulnerable to repeated exposure to their
mothers’ depression and associated interpersonal defi-
cits, such as disruptions in parenting. Although early
exposure to maternal depression likely interferes with a
child’s opportunity to develop and engage successfully
in appropriate social skills, it is also possible that a
child’s tendency to express high levels of NE contrib-
utes to or exacerbates a mother’s depression.

Social competence and effective social skills hold
great importance during the preschool period when early
peer relationships emerge. Early negative peer interac-
tions have been found to contribute to subsequent defi-
cits in social competence and increase risk for later
social rejection and depression (Cole et al. 1996). Inter-
estingly, chronic social difficulties have been found to
predict depression severity more strongly for the de-
pressed adolescent offspring of depressed mothers in
comparison to the depressed adolescents of non-
depressed mothers (Hammen et al. 2003). Thus, it is
possible that the social impairment we observed in
young children, who were high in negative emotionality
and exposed to maternal depression, reflects an early
vulnerability to depression risk. It is also important to
note that depression and negative emotionality/
neuroticism share a common genetic liability (Kendler
et al. 1993); thus, these early associations may reflect,
at least partly, familial or shared genetic factors. As
greater exposure to maternal depression is likely associ-
ated with greater genetic load for depression, future re-
search should examine how genetic loading may also
play a key role in the link between high NE and re-
duced social competence in children. Moreover, it will
be important for future longitudinal research to test
whether the early social functioning deficits in young
children with high NE and who were exposed to mater-
nal depression during early childhood predict the onset
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of depression later in development, possibly identifying
an ultra high risk group.

Clinical Implications

Our findings hold promise in informing the development of
early prevention and intervention programs. Notably, we
found that the combination of low cortisol reactivity and ex-
posure to higher levels of life stress was associated with pre-
schoolers’ externalizing behavior problems and poorer psy-
chosocial functioning. Early externalizing problems and func-
tional impairment lay the foundation for subsequent deficits in
peer and family relationships and increase risk for subsequent
psychopathology. Thus, our findings suggest that blunted cor-
tisol reactivity may identify a high-risk group of young chil-
dren to target for early psychosocial interventions. Recent en-
couraging findings highlight how interventions that alter chil-
dren’s cortisol functioning may decrease risk for subsequent
externalizing behavior problems (O’Neal et al. 2010). Treat-
ment focused on helping parents manage family stress and
increase effective parenting skills may modify young chil-
dren’s HPA axis response, and in turn reduce risk for exter-
nalizing psychopathology and promote improved psychoso-
cial functioning. Moreover, children high in NE have been
found to benefit most from parenting interventions (e.g.,
Klein-Velderman et al. 2006); therefore, the young offspring
of depressed parents who also evidence high levels of NEmay
benefit from interventions focused on sensitive parenting and
development of adaptive social skills.

Strengths, Limitations, and Future Directions

The present study had several strengths. We employed a
multi-method approach, including an observational as-
sessment of child temperament and clinical interviews
assessing parental depression, child psychopathology,
functional impairment, and life stress. In addition, we
assessed children’s stress reactivity using a developmen-
tally appropriate, standardized laboratory stressor para-
digm and collected five cortisol samples to capture in-
dividual differences in children’s cortisol reactivity.

This study also had limitations. First, the study was
cross-sectional. Thus, we cannot test the temporal pre-
cedence of child NE and cortisol reactivity as pre-
existing vulnerability markers. Second, although we
controlled for gender in our analyses, further work with
larger samples is needed to examine whether gender
moderates these associations. Third, most of our effects
were relatively small in magnitude, and most of the
analyses did not support the main and interactive effects
of the child and environmental variables examined in
this study, and thus require replication. Lastly, primary
caregivers, typically mothers, were the sole informant

for the outcome measures on children’s psychopathology
and psychosocial functioning. It will be important to
assess whether our findings replicate using a multi-
informant approach, including co-parent and teacher
reports.

Our findings suggest several avenues for future re-
search. Recent investigations of the biological sensitivity
to context (Boyce and Ellis 2005) and differential sus-
ceptibility (Belsky and Pluess 2009) theories have dem-
onstrated that children with certain vulnerability, or sus-
ceptibility, markers respond in a Bfor better or for
worse^ manner, experiencing the best outcomes when
exposed to positive environments and the worst out-
comes when exposed to negative outcomes. Thus, it will
be important to test whether children with high NE and/
or blunted cortisol reactivity thrive in the presence of a
particularly supportive family context or peer relation-
ship, or to interventions that promote increases in sen-
sitive parenting. Future work should also examine the
interactions between early environmental contexts and
multiple biological and behavioral sources of vulnerabil-
ity on child outcomes, including additional temperament
constructs (e.g., child positive emotionality, effortful
control), and genetic and neurobiological vulnerability
markers. Furthermore, future research should investigate
whether other environmental factors, such as high socio-
economic status and two-parent homes, buffer the neg-
ative effects of environmental stressors on child out-
comes. Finally, it will be important to investigate how
these relationships change across development. For ex-
ample, recent work has found that the phenotypic and
genetic structures of internalizing psychopathology are
different in childhood, adolescence, and young adult-
hood (Waszczuk et al. 2014). Thus, it is likely that
the moderated effects of biological and behavioral vul-
nerability markers also vary across development.

In sum, we observed that children with blunted cortisol
reactivity and who experiencedmore life stress in the past year
evidenced higher levels of externalizing behavior problems
and poorer psychosocial functioning. In addition, children
high in NE and who were exposed to maternal depression
had the lowest social functioning. Our findings suggest that
vulnerability-stress models play a role in the etiology of pre-
school mental health problems. Moreover, our findings under-
score the need for early interventions targeting young children
with vulnerability markers in adverse environments, particu-
larly during early childhood, a period of development charac-
terized by a high degree of neuroplasticity.
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