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Abstract

The purpose of the current study was to predict concurrent levels of problem behaviors from
young children’s baseline cortisol and attachment classification, a proxy for the quality of
caregiving experienced. In a sample of 58 children living at or below the federal poverty threshold,
children’s baseline cortisol levels, attachment classification, and problem behaviors were assessed
at 17 months of age. We hypothesized that an interaction between baseline cortisol and attachment
classification would predict problem behaviors above and beyond any main effects of baseline
cortisol and attachment. However, based on limited prior research, we did not predict whether or
not this interaction would be more consistent with diathesis-stress or differential susceptibility
models. Consistent with diathesis-stress theory, the results indicated no significant differences in
problem behavior levels among children with high baseline cortisol. In contrast, children with low
baseline cortisol had the highest level of problem behaviors in the context of a disorganized
attachment relationship. However, in the context of a secure attachment relationship, children with
low baseline cortisol looked no different, with respect to problem behavior levels, then children
with high cortisol levels. These findings have substantive implications for the socioemotional
development of children reared in poverty.
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1. Introduction

In 2015, an estimated 13.5% of all U.S. citizens, including over one in five children, were
living below the federal poverty threshold (U.S. Census Bureau, 2016). Children growing up
in conditions of poverty are at increased risk for impaired socioemotional functioning
compared to their counterparts living above the poverty threshold (Duncan and Brooks-
Gunn, 2000). Parents with low socioeconomic status, compared to parents with high
socioeconomic status, tend to report more withdrawal, inattentiveness, and aggression in
their children (Brooks-Gunn & Duncan, 1997; Meins, Centifanti, Fernyhough, & Fishburn,
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2013; van Qort, van der Ende, Wadsworth, Verhulst, & Achenbach, 2011). These problems
tend to persist and also place children on trajectories to experience disadvantages throughout
the life course (McLeod & Fettes, 2007; Turney, 2012).

Although the specific pathways linking poverty to problem behaviors are still coming into
focus, researchers have suggested biological mechanisms for this prospective relation. The
biological embedding framework suggests that the early chronic stress associated with
poverty may get “under the skin” and become “embedded” in biological systems, leading to
individual differences in physiology, development, and health (Evans, Chen, Miller, &
Seeman, 2012; McEwen & Stellar, 1993; Propper, 2012). Compelling evidence from animal
and human studies support this framework and indicate that early stress exposure can indeed
have lasting effects on multiple stress response systems (Alkon, Wolff, & Boyce, 2012;
Evans et al., 2012; Levine, 2005; Lupien, King, Meaney, & McEwen, 2000). These
alterations in biological processes are hypothesized to influence physical and mental health
early in life and across the lifespan (Hertzman, 2012). As such, contextually mediated
alterations in children’s stress physiology may be one mechanism through which poverty
influences socioemotional development (Engle & Black, 2008; Mills-Koonce & Towe-
Goodman, 2012; Obradovi¢, Bush, & Boyce, 2011).

One principal psychobiological stress system that has been the focus of such research is the
hypothalamic-pituitary-adrenocortical (HPA) axis. Cortisol, a marker of HPA output,
contributes to the modulation of numerous systems, including cardiovascular and immune
system functioning (Sapolsky, Romero, & Munck, 2000; Takahashi et al., 2004).
Researchers have frequently linked low baseline cortisol levels to higher rates of
externalizing behaviors, including oppositional and aggressive behavior (Shirtcliff, Granger,
Booth, & Johnson, 2005; van Goozen, Matthys, Cohen-Kettenis, Buitelaar, & Van Engeland,
2000). High baseline cortisol, on the other hand, may also be problematic and has been
regularly associated with internalizing behaviors (Granger, Stansbury, & Henker, 1994;
Granger, Weisz, McCracken, Ikeda, & Douglas, 1996) and less effective executive
functioning (Blair et al., 2011). However, there are conflicting findings on the links between
baseline cortisol levels and childhood problem behaviors, with some researchers finding
non-significant, or opposite relations (Alink et al., 2008; Dahl et al., 1989). As such, it is not
entirely clear how baseline cortisol might act as a risk factor for problem behaviors among
children reared in poverty.

A number of researchers have argued that the quality of caregiving a child receives is a
factor that likely moderates the relations between children’s stress physiology and problem
behaviors (Boyce and Ellis, 2005; Eisenberg et al., 2012; Luecken & Lemery, 2004).
Supportive parenting encourages socioemotional competence by fostering the development
of self-regulation and prosocial behaviors (Barnett, Gustafsson, Deng, Mills-Koonce, &
Cox, 2012; Spinrad et al., 2007). In particular, the early development of emotion regulation
is highly dependent on the responsiveness and patterns of regulation provided by attachment
figures (Halligan et al., 2013). Studies have consistently demonstrated that sensitive and
responsive caregiving promotes the development of secure attachment (Ainsworth, Blehar,
Waters, & Wall, 1978; De Wolff & van 1Jzendoorn, 1997) whereas frightening/frightened,
unpredictable, and extremely insensitive parenting is thought to contribute to the
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development of disorganized attachment (Hesse & Main, 2006). As such, secure and
disorganized attachment reflect a history of caregiving extremes (Conradt, Measelle, &
Ablow, 2013). Although researchers have identified caregiving quality as important
determinants of children’s problem behaviors, relatively few efforts have been made to study
these links in relation to children’s baseline cortisol levels.

Given these findings, it is likely that the interplay between caregiving experience and
children’s cortisol levels influences early socioemotional outcomes among children living in
the context of poverty. The differential susceptibility theory offers one potential mechanism
through which contextual and caregiving influences moderate the relations between
children’s HPA activity and socioemotional development (Belsky, Bakermans-Kranenburg,
& Van 1Jzendoorn, 2007; also see Boyce & Ellis, 2005). According to differential
susceptibility theory, children who would be considered more vulnerable to contextual risk
within a traditional diathesis-stress framework (Zuckerman, 1999), such as children with
physiological hyperreactivity, may also reap the benefits of supportive environments in a
“for-better-and-for-worse” fashion (Belsky & Pluess, 2009). That is, susceptibilities may
predispose children to maladaptation when paired with stressful, unsupportive contexts.
However, according to differential susceptibility theory, this type of susceptibility may also
predispose these children to the most successful outcomes when paired with supportive and
positive contexts. In other words, susceptibilities can moderate the effect of context on
adaptation such that sensitive children, compared with less sensitive peers, are more
negatively affected by harmful rearing environments and more positively affected by
supportive rearing environments (Boyce & Ellis, 2005). Thus, the essential difference
between diathesis-stress and differential susceptibility models is that the former emphasizes
the exclusive susceptibility to negative environments for some individuals, while the latter
highlights susceptibility to both negative and positive environments in the same individuals
(Belsky & Pluess, 2012).

Several studies have provided initial evidence suggesting that physiological reactivity may
act as a marker of differential susceptibility (Belsky & Pluess, 2009). For example, in a
sample of 5- to 6-year old children, Obradovi¢. Bush, Stamperdahl, Adler, and Boyce (2010)
found that children with high respiratory sinus arrhythmia (RSA; a measure of
parasympathetic stress response related to respiration-linked heart rate) and high cortisol
reactivity had more maladaptive outcomes (e.g., more externalizing and less prosocial
behavior) in the context of high adversity but better adaptation in the context of low
adversity. Similarly, in a sample of mothers and infants living in poverty, Conradt et al.
(2013) found that infants with high baseline RSA exhibited the highest levels of problem
behavior in the context of a disorganized relationship, but the lowest levels of problem
behaviors in the context of a secure attachment relationship. Together, these studies offer
evidence that stress-related physiology may act as a marker of differential susceptibility. At
present, physiological susceptibilities have figured prominently in the growing differential
susceptibility literature. However, relatively little of this work has focused on very young
children, limiting our ability to identify susceptibilities earlier in life when they may be most
sensitive to initial rearing conditions and, ideally, to intervention effects.
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Beyond the immediate caregiving context, children living in poverty face a broad range of
ecological stressors known to compromise socioemotional development (Chang, Shelleby,
Cheong, & Shaw, 2012; Shonkoff, Boyce, & McEwen, 2009). Greater risk for adverse
outcomes has been linked to low maternal education and low income (Baharudin & Luster,
1998; McLoyd, 1998), marital status (Bachman, Coley, & Carrano, 2011), infant negative
emotionality (Gartstein & Rothbart, 2003), caregiver depression (Gross, Shaw, Burwell, &
Nagin, 2009), and other measures of ecological risk. Typically, these risks are scored as
present or absent and summed into a cumulative score (Conradt et al., 2013; Kochanska,
Kim, & Koenig Nordling, 2012). Given that these stressors tend to be overrepresented in
low-income families and are important predictors of development (Raver, 2004), we
examined whether children’s cortisol levels interacted with attachment classifications to
explain variance in problem behaviors beyond the variance explained by cumulative risk.

In sum, while many studies recognize that early caregiving is critical for successful
socioemotional development and normative physiological development early in life, there is
a paucity of studies, especially in contexts of poverty, examining how caregiving quality
may moderate the relations between young children’s resting cortisol levels and early
problem behaviors. Moreover, given the differing perspectives (e.g., diathesis-stress vs.
differential susceptibility) regarding the nature of this moderation, it is unknown whether
baseline cortisol levels may diminish or amplify the effects of attachment classification on
problem behaviors. By examining this interplay, we can better understand how early
problem behaviors are shaped among children with low-income backgrounds.

1.1. The present investigation

The overarching goal of this study was to predict 17-month problem behavior levels from
the interaction between concurrent measures of baseline cortisol and attachment status.
Specifically, we were interested in whether this interplay was more reflective of a diathesis-
stress or differential susceptibility account. The 17-month time point provides an optimal
opportunity to examine how attachment classification interacts with potential biomarkers of
risk or susceptibility because it represents a period when children’s relationship with the
primary caregiver are more clearly patterned and the effects of caregiving quality on stress
physiology are more readily discernable compared to earlier ages (Bernard & Dozier, 2010;
Gunnar & Quevedo, 2007; Tryphonopoulos, Letourneau, & Azar, 2014). Additionally,
recent studies have also used attachment as an index of the quality of early rearing to test for
differential susceptibility effects (Bakermans-Kranenburg & van ljzendoorn, 2011; Conradt
et al., 2013). We hypothesized an interaction between baseline cortisol and attachment
classification when predicting concurrent problem behaviors above and beyond any main
effects of baseline cortisol and attachment. Based on limited prior research, it was difficult to
predict, with confidence, whether or not this interaction would be more consistent with
diathesis-stress or differential susceptibility models.
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2.1. Participants

Participants were drawn from a prospective longitudinal study that followed 105 women at
risk for parenting problems and their infants across the perinatal period. At the time of
enrollment, all women were living below the federal poverty threshold. Of the original 105
women, 95 continued in the study are in our 5-month postnatal assessment, and of these, 86
dyads returned to the laboratory when infants were 17 months (mean rate of attrition = 9.2%
between assessment periods). We examined data from 86 of the dyads that participated in
the 17-month laboratory visit (M= 17.56 months, SD = 1.73; 48 female, 38 male). As there
were too few children classified as avoidant (8%) and resistant (5%), our analyses were
restricted to 70 dyads with secure and disorganized attachment classifications. Additionally,
secure and disorganized attachment classifications represent positive and negative rearing
extremes, providing a context through which to examine how physiological factors may
confer adaptation and maladaptation. Finally, the analysis was limited to 58 dyads with
complete physiological data (i.e., at least one baseline cortisol sample). There were no
significant differences between dyads included or excluded in the present sample on a
variety of demographic and risk variables including household income, maternal education,
child negative emotionality, caregiver depression, and problem behaviors (all ps > 0.09).

There were no mean differences in baseline cortisol among children classified as avoidant
and resistant and among those classified as secure and disorganized (all ps > 0.21). In
addition, there were no significant differences in demographics, risk indices, problem
behavior scores, or attachment classification among dyads with complete physiological and
attachment data and those with missing physiological data or whose infants were classified
as avoidant and resistant.

At the prenatal assessment, mothers’ mean age was 24.11 years (SD = 4.77, range = 18-38).
Mothers were primarily European American (81.0%), with 2.9% African American, 5.8%
Hispanic, 3.8% American Indian, 1% Asian, and 5.7% identifying themselves as “another
group”.

2.2. Procedure

2.2.1. Baseline cortisol—Mothers and their children participated in two laboratory visits
when children were 17 months of age. All sessions were conducted in the afternoon (M start
time = 3:17 p.m.; SD = 47 min) to minimize diurnal rhythm effects. Participants were asked
to refrain from eating or drinking (except water) for one hour before the session. For each
session, a saliva sample was collected soon after the dyad arrived to index baseline cortisol
levels. Samples were assayed for salivary cortisol by enzyme immunoassay (Salimetrics,
State College, PA). The test used 25 ul of saliva, lower limit of sensitivity was 0.007 pg/dl,
range = 0.007-3.0 pg/dl, average intra- and inter-assay coefficients of variation were <5%
and <10%. The correlation between baseline cortisol across the two sessions was strong and
significant (r=0.42, p=0.01); correspondingly, we found a non-significant difference
between the absolute values of the two sessions, {54) = —1.06, p =0.20. Finally, there was
no significant difference in the actual time-of-day that the two baseline samples were
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collected for each infant, {54) = 0.80, p =0.43. We therefore combined the two measures by
averaging them together to create a single index of children’s baseline cortisol.

2.2.2. Attachment measures at 17 months—During the first 17-month laboratory
session, dyads completed the strange situation procedure (Ainsworth et al., 1978). The
procedure is designed to activate the child’s attachment system through a series of mother-
child separation and reunion episodes (see Ainsworth et al., 1978; for a full description).
This procedure was videotaped, and the tapes were coded by E. Carlson and L. A. Sroufe at
the University of Minnesota. Overall agreement for the major attachment classifications was
90% (x=0.83). In our sample, 8% of infants were classified as avoidant, 67% as secure, 5%
as resistant, and 20% as disorganized. Of the infants classified as disorganized, 44%
received a secondary classification of avoidant, 38% received a secondary classification of
secure, and 19% received a secondary classification of resistant. Although a lower
percentage of infants (13%) in the present low-income sample were classified as insecure
(resistant or avoidant) compared to a normative low-risk population (24%; van 1Jzendoorn,
Schuengel, & Bakermans-Kranenburg, 1999), these rates are comparable to those reported in
other samples of non-maltreated, low SES samples (e.g., Barnett, Ganiban, & Cicchetti,
1999; Crittenden, 1988). Consistent with the high-risk nature of our sample, this helps to
explain the increased number of infants classified as disorganized rather than avoidant or
resistant.

2.2.3. Average cumulative risk—Guided by cumulative risk research, which has
consistently demonstrated that the accumulation of multiple risk factors explain more
variance in developmental outcomes than do individual risk factors (Sameroff, Seifer,
Barocas, Zax, & Greenspan, 1987; Sheinkopf et al., 2007), an average cumulative risk index
was created to characterize the range of risk factors experienced by the sample. Mothers and
their children were assessed on a wide range of measures of development, behavior, home
environment, and caregiver characteristics chosen a priori based on developmental theory
(Table 1). These indicators included premature birth (birth before 37 weeks gestational age),
any perinatal medical complications, single mother status, less than a college education, low
household income (less than an annual household income of $20,000), child negative
emotionality (Infant Behavior Questionnaire-Revised; Garstein & Rothbart, 2003), maternal
depression (score greater than clinical cutoff of 16 on Center for Epidemiologic Studies
Depression Scale; Radloff, 1977), low family resources (Family Resource Scale; Dunst &
Leet, 1987), and high level of confusion and disorganization in the home environment
(Confusion, Hubbub, and Order Scale; Wachs, Ludwig, & Phillips, 1995). For measures
with a dichotomous risk status (present vs. absent) or with a clinical cutoff score, one point
was assigned for each risk item present. For more continuous measures (i.e., Family
Resource Scale and Confusion, Hubbub, and Order Scale), “risk present” was identified as
have scores one standard deviation below the mean. Risk for child negative emotionality was
defined as present for scores greater than one standard deviation above the mean. Thus, nine
measures were each dichotomized to reflect high vs. low risk (see Conradt et al., 2013 and
Sheinkopf et al., 2007 for similar approaches) with one point assigned for each risk item
present. These risk items were averaged to create an average cumulative risk index.
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2.2.4. Problem behavior at 17 months—The Brief Infant-Toddler Social and
Emotional Assessment (BITSEA; Briggs-Gowan & Carter, 2002) is a 42-item measure
designed to evaluate symptoms of social and emotional problems and competence in
children one to three years old. The BITSEA has demonstrated acceptable test-retest
reliability (as = 0.85-.87; Briggs-Gowan, Carter, Irwin, Wachtel, & Cicchetti, 2004). We
used children’s total problem scores on the BITSEA, completed by mothers when their child
was approximately 17 months old, to measure individual differences in levels of social and
emotional problems. Cronbach’s alpha was greater than 0.81 for the present study.

3.1. Preliminary analyses

The means and standard deviations of variables of interest appear in Table 2. In all analyses,
baseline cortisol was centered around the sample mean to reduce nonessential
multicollinearity among interaction terms (Aiken & West, 1991). Sex (0 = male, 1 = female)
and major attachment classification (0 = secure, 1 = disorganized) were dummy coded.

We tested relations between baseline cortisol and additional covariates. There was no
significant relation between baseline cortisol and gender (r=-0.05, p=0.69), age (r=0.03,
p=0.82), or time of saliva collection (r=0.19, p=0.11 for the first session and r=0.13, p=
0.29 for the second session). Next, a simple linear regression was used to analyze the
association between baseline cortisol and attachment classification. There were no
significant differences in baseline cortisol between children with secure and disorganized
attachment classifications, 6= 0.01, p=0.89. Importantly, this lack of association enabled
our test of the diathesis-stress and susceptibility hypotheses (Belsky et al., 2007; Kraemer,
Stice, Kazdin, Offord, & Kupfer, 2001).

3.2. Diathesis-stress and differential susceptibility analyses

A linear regression was used to test the main effects of cumulative risk, gender, 17-month
baseline cortisol, and attachment classification (secure vs. disorganized) on 17-month
problem behaviors (assessed using the BITSEA). The regression revealed no significant
association between problem behavior and average cumulative risk, baseline cortisol, or
attachment classification (Table 3). There was a significant association between problem
behavior and gender (6= -5.43, p=0.02), with females showing lower levels of problem
behaviors. Although gender was not associated with baseline cortisol or attachment, it was
retained as a covariate in the model.

Next, a hierarchical linear regression was run to determine if the interaction between
baseline cortisol and attachment classification predicted concurrent problem behavior at 17
months. Average cumulative risk, child gender, 17-month baseline cortisol, and attachment
classification were entered on Step 1 of the regression model, and the interaction between
baseline cortisol (natural-log-transformed and grand mean centered) and attachment
classification (dummy coded) was entered in Step 2 (Table 3). With all predictors entered
simultaneously, gender (6= -4.95, p=0.02) and the interaction between 17-month baseline
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cortisol and attachment classification significantly predicted variability in 17-month problem
behavior (b= —6.45, p=0.02), ARZ = 0.09, p=0.02.1

Online computational tools were used to clarify the nature of this interaction (Preacher et al.,
2006; http://www.quantpsy.org/interact/mlr2.htm). These tools follow established methods
for testing and probing interactions (Aiken & West, 1991; Bauer & Curran, 2004; and Cohen
et al., 2003) and were used to calculate the simple slopes of baseline cortisol at 1 standard
deviation above and below the mean and to compute specific values for plotting significant
two-way interactions. There was no significant difference in problem behavior between
children with high baseline cortisol who had secure attachment classifications or
disorganized attachment classifications, 6= -1.79, p=0.38 (Fig. 1). In contrast, among
children with low baseline cortisol, there was a significant difference in problem behavior
depending on attachment classification such that children with a disorganized attachment
classification (M= 23.00, SD = 21.21) had significantly higher problem behavior scores
than children with a secure attachment classification (M= 16.10, SD=6.38), b=8.87, p <
0.001. Of note, the group means for children with low cortisol and disorganized attachment
classification had problem-behavior scores that were above the community norms of 19 for
girls and 21 for boys (Briggs-Gowan & Carter, 2002) for unselected community samples.

Following recommendations by Roisman et al. (2012), further “regions of significance”
testing (Hayes & Matthes, 2009) was conducted in order to test whether the significant
interaction was more consistent with a diathesis-stress or differential susceptibility model.
The region of significance defines the specific value of baseline cortisol at which the slope
between attachment classification and problem behaviors moves from significance to
nonsignificance. There was a lower bound of significance such that the relation between
attachment classification and problem behaviors proved significant only when baseline
cortisol levels were 0.70 SD below the mean for baseline cortisol levels. Stated differently,
significant differences in problem behavior scores between children with secure vs.
disorganized attachment emerge at baseline cortisol levels 0.70 SD below the mean. As a
differential-susceptibility pattern would yield both upper and lower bounds of the region of
significance within the range of baseline cortisol levels (Roisman et al., 2012), the
significant interaction between baseline cortisol and attachment classification in the present
sample was more consistent with diathesis-stress than differential-susceptibility models.

4. Discussion

The overarching goal of this study was to predict 17-month problem behavior levels from
the interaction between baseline cortisol and attachment. Specifically, we were interested in
whether this interplay was more reflective of a diathesis-stress or differential susceptibility
account. Our pattern of findings is more consistent with a diathesis-stress model than a
differential susceptibility model because low baseline cortisol functioned principally as a

1as suggested by a reviewer, we completed additional analyses combining resistant and avoidant children (i.e., secure vs. resistant and
avoidant). A hierarchical linear regression revealed no significant association between problem behavior or any variables of interest.
The interaction between 17-month baseline cortisol and attachment classification (secure vs. resistant and avoidant) did not
significantly predict variability in 17-month problem behavior (6= -2.39, p= 0.44), though the effect size suggests that this effect
might have reached significance in a larger sample.
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risk factor, and not also as an enhancement factor. For the differential susceptibility model to
have been supported empirically, children with low baseline cortisol, compared to their peers
with high baseline cortisol, would have needed to have the highest levels of problem
behaviors (“for worse™) in the context of a disorganized attachment relationship and the
lowest levels of problem behaviors (“for better”) in the context of a secure attachment
relationship. However, our analysis reflected diathesis-stress alone because children with
low baseline cortisol only fared worse than their high baseline cortisol counterparts when in
a disorganized attachment context and did not evidence enhanced outcomes in the context of
secure attachment. Stated differently, children with low cortisol levels at 17 months had the
most concurrent problem behaviors in the context of a disorganized attachment relationship;
in the context of a secure attachment relationship, children with low cortisol levels looked no
different than children with high cortisol levels. Children with high cortisol levels had
similar levels of problem levels in either attachment context.

Consistent with the finding that low cortisol is related to problem behavior levels, previous
empirical work has linked low baseline cortisol to increased rates of externalizing behaviors
(Shirtcliff et al., 2005; van Goozen et al., 2000). According to stimulation-seeking theory,
persistently low cortisol levels may be experienced as an aversive physiological state (Raine,
1996). Consequently, children with low cortisol may be motivated to seek out additional
stimulation, for example, by being overactive or acting out, in order to raise physiological
arousal to more desired levels. In the related fearlessness theory, physiological underarousal
is hypothesized to reflect low levels of fear such that children with low cortisol engage in
maladaptive behaviors because they are less responsive to fear-evoking cues that should
inhibit problem behaviors (Raine, 2002). In line with both stimulation-seeking and
fearlessness theories, researchers have also found initial evidence that low cortisol is
associated with increased sensation-seeking behaviors (Rosenblitt, Soler, Johnson, &
Quadagno, 2001) and impaired fear reactivity (Kagan, Reznick, & Snidman, 1988), which
may present as problem behaviors. We found that children with low cortisol levels had lower
levels of problem behaviors in the context of a secure attachment relationship compared to a
disorganized attachment relationship, suggesting that these children were responsive to a
history of interactions with caregivers.

Importantly, our results suggest that low cortisol levels may not always be problematic. For
example, for very young children with low cortisol levels, problem behaviors might not
manifest when caregivers are supportive, warm, and sensitive to the child’s needs. In these
secure caregiving experiences, children can rely on external resources, such as caregiver
responsiveness, for socioemotional regulation. In contrast, in the context of a disorganized
attachment relationship, children have less reliable external resources for regulation and
support. As such, a secure attachment relationship may help buffer against the harmful
effects of low cortisol levels on socioemotional behaviors.

The finding that attachment security moderates the relations between low baseline cortisol
and problem behaviors may also help reconcile prior null findings of the relations between
low baseline cortisol and problem behaviors (e.g., see Dahl et al., 1989; Kruesi, Schmidt,
Donnelly, Hibbs, & Hamburger, 1989; Ouellet-Morin et al., 2010). For example, Ouellet-
Morin et al. (2010) did not find relations between low baseline cortisol levels and
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externalizing or internalizing problems in a low-risk sample of toddlers. A potential source
of this discrepant finding is the lack of consideration of children’s early rearing, which has
been shown to be critical for both HPA and socioemotional development (Gunnar &
Quevedo, 2007; Mills-Koonce & Towe-Goodman, 2012). Supportive caregiving, which may
be more prevalent in lower-risk samples with more resource availability, may protect
children with low cortisol levels from engaging in problem behaviors.

In contrast to children with low cortisol, children with high cortisol showed no difference in
problem behavior levels in the context of a secure or disorganized attachment relationship.
Although researchers have previously linked high cortisol with internalizing problems in
older children (Hastings, Fortier, Utendale, Simard, & Robaey, 2009; Lopez-Duran, Kovacs,
& George, 2009), we did not find evidence of this relation. One reason for the inconsistent
finding may be related to the very young age group of the current sample. At 17 months of
age, internalizing behaviors are less likely to be detected and identified as problematic than
externalizing behaviors (Tandon, Cardeli, & Luby, 2009). So, although we attempted to
survey a constellation of early problem behaviors, it is conceivable that externalizing
behaviors, compared to internalizing behaviors, were more frequently reported (and/or more
frequently identified as problematic). As such, relations between high cortisol levels and
problem behaviors may have been more difficult to detect.

It is important to note that while the nature of the reported interaction is reflective of a
diathesis-stress model, the nature of this interaction may differ in samples of differing risk,
in particular, lower risk. For example, in this low-income sample, a secure attachment
relationship may not have been supportive enough to detect differential susceptibility effects
in children with low cortisol baseline cortisol. Children in low-income families are
disproportionately exposed to abuse, neglect, household dysfunction, and other adversities
(Evans, 2004). Thus, even with a secure attachment relationship, children from the present
sample likely face additional adverse childhood experiences such as parental history of
psychopathology and parental marital distress that mask potentially beneficial effects of low
baseline cortisol. Additionally, studies on adverse childhood experiences have consistently
found that multiple forms of adversity co-occur (Dong, Anda, Dube, Giles, & Felitti, 2003;
Dong et al., 2004). For example, Dong et al. (2004) found that approximately 87% of
individuals exposed to one adverse childhood experience reported being exposed to one
additional adverse childhood experience. These studies suggest that many children with low-
income backgrounds are likely exposed to multiple adverse childhood experiences. Future
studies should replicate the current study in samples of lower risk to see if the diathesis-
stress effects hold, or if differential susceptibility effects are detected.

Furthermore, although children with low cortisol levels and disorganized attachment status
had higher levels of problem behaviors than all other groups, these results do not permit
causal conclusions. In other words, we cannot infer that increasing attachment security
among children with low cortisol will decrease engagement in problem behaviors because
neither condition was randomly assigned. While it is certainly possible that a causal
relationship lies behind the current findings, further experimental study is required to
determine if this is the case or if other factors such as maternal sensitivity serve as a better
explanation for differences in problem behavior levels.
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Consistent with the broader literature on gender differences and problem behaviors, boys
had higher levels of problem behaviors than girls (Baillargeon et al., 2007). Although gender
differences in problem behaviors before two years of age are not typically examined, recent
research suggest that at least some of these behaviors emerge before two years, and
subsequently increase in magnitude (Baillargeon et al., 2007; Keenan & Shaw, 1997). It is
likely that gender-differentiated socialization efforts by caregivers contribute to these gender
differences in problem behavior levels. In any case, the detection of gender differences in
problem behaviors at 17 months suggest that toddlerhood may represent an important period
in which gender differences in socioemotional problems of potentially clinical significance
may begin to emerge (Baillargeon et al., 2007; DelCarmen-Wiggins & Carter, 2004).

Surprisingly, our measure of cumulative risk did not directly predict problem behavior
levels. This discrepancy with existing research may be partly explained by the relatively
high education level (79.7% had some college education, or greater) of mothers in the
current study. This type of educational background may support socioemotional competence
despite exposure to other risk factors (Obradovi¢ et al., 2010). In addition, data for this study
was collected in the early to mid-2000’s before the serious U.S. economic downturn
beginning in 2008. Despite low household income, our somewhat more educated sample
may have been benefitting from still available social services resources. Alternatively, the
lack of associations between cumulative risk and behavior problems may reflect a narrower
rather than broader range of risk given that our samples was generally high risk (i.e., very
low income, history of maternal psychopathology, and risk for parenting problems).

Even as this research begins to answer some questions about factors shaping problem
behaviors, it also raises future questions and directions to be pursued. One question is
whether the effects found here are stable. For example, the predictive accuracy of very early
problem behaviors is somewhat limited such that toddlers who engage in frequent problem
behavior at 17 months of age often do not behave the same way one year later (Baillargeon
etal., 2007). As such, it is important to examine whether the nature of interaction found in
this study holds as children age. Additionally, as toddlers acquire more self-regulation skills
with age, it will be important to examine whether disorganized attachment classifications
still confer harm among children with lower cortisol levels. Although the stability of these
interactive effects is unknown, a strength of its current study is examination of this
interaction at 17-months. This time point may represent a critical period in which problem
behaviors of clinical significance may begin to emerge (Baillargeon et al., 2007). As such,
this time point is ideal for examining the early origins of problem behaviors and can
contribute knowledge to early intervention efforts aimed at promoting socioemotional
development by targeting early caregiving.

In the future, it will also be important to look at how cortisol functions with other parameters
of stress physiology, including the sympathetic and parasympathetic nervous system. Recent
research has begun to suggest that the specific patterns of interactions across multiple stress
response systems may create discrete forms of vulnerability or susceptibility (Hinnant & EI-
Sheikh, 2013; Laurent, Ablow, & Measelle, 2012; Obradovici, 2012). For example, findings
from two empirical investigations of the interactions between the different stress systems
suggest that symmetrical activity in the two systems resulting in hypoarousal (e.g., low
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sympathetic nervous system and HPA activity, or coinhibition) or hyperarousal (high
sympathetic nervous system and HPA activity, or coactivation) leaves children most
susceptible to behavior problems (El-Sheikh, Erath, Buckhalt, Granger, & Mize, 2008;
Gordis, Granger, Susman, & Trickett, 2006). Children least at risk for behavioral problems
had moderate activity in both systems, or asymmetrical activity in the two systems (e.g.,
reciprocal activation). Thus, future studies should examine measures of autonomic and HPA
activity, both alone and in combination, as possible sources of risk or protection in high-risk
samples.

Limitations of the current study include the moderate sample size, limited racial/ethnic
heterogeneity in the sample, and reliance on single reporters of problem behaviors.
Additionally, twelve children were missing baseline cortisol data, raising the possibility that
there could be systematic differences in children with and without cortisol data. However,
comparison of children with and without baseline cortisol data on a variety of demographic,
risk, and problem behavior variables revealed no significant differences between these
groups. Furthermore, although we attempted to control for potential confounds for cortisol
and to increase reliability by averaging initial saliva samples across two days, we
acknowledge that multiple baseline samples, both at home and in the laboratory, would give
a more stable estimate of what we are calling baseline cortisol. Future research should
collect multiple measures of cortisol across the day to more fully characterize children’s
resting cortisol levels. Finally, attachment was used as a proxy for the interaction history
between child and parent because of prospective research indicating that early parenting
quality is predictive of attachment (see meta-analysis by Wolff & ljzendoorn, 1997;
Grossman, Grossmann, Spangler, Suess, & Unzner, 1985; Isabella, 1993). However, given
somewhat inconsistent associations found between measures of early caregiving and later
attachment security (Bigelow et al., 2010; Goldsmith & Alansky, 1987), findings from the
present study should be interpreted cautiously and future work should also how examine the
interaction between baseline cortisol and other measures of caregiving quality, such as
maternal sensitivity relate to early problem behaviors.

The present study begins to identify physiological and contextual factors that influence a
child’s behavior. Low baseline cortisol was identified as a risk factor for problem behaviors
under conditions of disorganized attachment. However, secure attachment relationships
appeared to buffer these children from problem behaviors. Given that early problem
behaviors set children on poor trajectories throughout the lifespan, identification of children
most vulnerable to developing problem behaviors gives us the potential to foster more
successful development.
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Fig. 1.
Problem behavior at 17 months as a function of attachment classification (secure vs.

disorganized) and baseline cortisol (low = 1 SD below the mean, high = 1 SD above the
mean).
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