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This study examined state-trait models of diurnal cortisol (morning level and diurnal slope), and whether in-
come, cumulative risk and parenting behaviors predicted variance in trait and state levels of cortisol. The sample
Risk ) of 306 mothers and their preschool children included 29% families at or near poverty, 27% families below the
Parenting median income, and the remaining families at middle and upper income. Diurnal cortisol, income, cumulative
risk, and parenting were measured at 4 time points, once every 9 months, starting when children were
36-40 months. State-trait models fit the data, suggesting significant state but not trait variance in cortisol. Low
income and cumulative risk were related to trait levels of diurnal cortisol with little evidence of time-varying or
state effects. Stable levels of parenting predicted trait levels of diurnal cortisol and time-varying levels of par-
enting predicted time-varying state levels of diurnal cortisol. Findings highlight the allostatic process of adap-

tation to risk as well as time-specific reactivity to variability in experience.

The stress response system, including the hypothalamic-pituitary-
adrenal (HPA) axis, has been described as an “environmentally sensi-
tive” physiological system (Granger, 1998) and is associated with psy-
chosocial adjustment outcomes across development (Granger et al.,
1996; Gunnar et al., 2003; Yehuda et al., 1996). Evidence points to both
stable aspects of HPA activity, attributed in part to genetic factors and
individual differences (Schreiber et al., 2006), and a significant degree
of change in the activity of the system over time, even within the same
developmental period (Ross et al., 2014; Shirtcliff et al., 2012). The
stability in individuals' HPA activity may be a function of stable en-
vironmental contexts known to relate to HPA activity, including pov-
erty and contexts characterized by multiple or “cumulative” risk factors
(Dowd et al., 2009; Miller et al., 2007). These associations are in line
with the theory of allostasis, wherein exposure to chronic stress would
lead to new “set points” or stable parameters of the stress system. While
these distal and relatively stable factors relate to HPA activity, so too do
contemporaneous person and situational factors, potentially predicting
time-specific variations from stable levels of HPA activity. Few studies
have examined whether more proximal and variable ecological factors
influence individuals' HPA activity to the point of predicting changes in
an individual's “set point” functioning (Berry et al., 2016). That is, few
studies of HPA axis activity include repeated measures across time, and

fewer still have explored how proximal and distal factors relate to
stability and change in the system over time (Laurent et al., 2014).
Understanding the predictors of early life alterations to the HPA axis is
of particular salience when considering the developmental origins of
disease (Gluckman and Hanson, 2006) and potential for biological em-
bedding (Miller et al., 2011), which argue that childhood stress is pro-
grammed into stress-sensitive systems early in life.

The latent state-trait (LST) framework is a useful analytic approach
to the identification of stable individual cortisol traits (the commonality
of an individual's cortisol activity over time) as well as time-specific, or
state, variations from trait levels (c.f. Steyer et al., 1999). The mea-
surement approach may smooth the confluence of person and situa-
tional factors impacting cortisol levels sampled at any given moment on
the trait level, allowing for a test of whether an accumulation of en-
vironmental or time-specific situational factors exert influence on an
indvidual's set point, trait HPA axis activity (e.g. Hellhammer et al.,
2007; Kirschbaum et al., 1990). The model further decomposes var-
iance by identifying time (or epoch) specific variance in states. In a
model with additional latent variables (e.g. income, cumulative risk,
and parenting), it is possible to examine the association between stable
aspects of cortisol activity and environmental factors (e.g. if char-
acteristic levels of cumulative risk are associated with characteristic
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levels of diurnal cortisol), and also to examine if time-specific (state)
variations in cortisol are associated with time-specific changes in the
environment (e.g. if the experience of a change in parental negativity
relative to what is typical for the individual is associated with a con-
temporaneous change in cortisol activity from what is typical for the
individual).

The present study utilized cortisol samples from four time points,
each separated by 9 months to characterize trait diurnal cortisol levels,
with three consecutive morning and evening samples obtained at each
time point to capture state values of cortisol morning level and diurnal
slope to address the following questions: 1) Do contextual factors, such
as income, cumulative risk and parenting, predict both trait and state
variance in preschool-age children's diurnal cortisol (morning levels
and diurnal slope)? 2) Do stable, distal factors, such as income and
cumulative risk, predict trait variance in diurnal cortisol measures,
whereas more time-varying and proximal factors, such as parenting,
predict state variance? The current study models the stable and time-
varying relations between cortisol patterns (measured as diurnal
morning level and slope) with stable and time-varying contextual fac-
tors including income, cumulative risk and parenting.

1. Low income, cumulative risk and HPA axis function

Studies of rodents and non-human primates indicate that early ex-
posure a range of adverse environments result in immediate and long-
term changes to the HPA axis activity and reactivity, as well as animal
behavior (c.f. Sanchez, 2006). In humans, aberrant profiles may take
the form of hypocortisolism, or low cortisol levels or responses, and
hypercortisolism, in which an individual's cortisol levels start elevated
and remain elevated across the day. Both profiles are observed among
individuals experiencing chronically stressful environments (c.f. Davies
et al.,, 2007) and types and nature of environmental stressors that
predict elevated versus blunted cortisol are not clearly understood.

One measure of environmental stress is a cumulative risk index,
which captures the number of risk factors that an individual experi-
ences across demographic, psychosocial, and environmental domains.
Although there are studies that show high levels of economic or cu-
mulative risk are associated with higher levels of cortisol in children
(Blair et al., 2005; Evans and English, 2002; Evans and Kim, 2007),
both a review and a meta-analysis of the relation of risk to cortisol show
that low income and high cumulative risk are associated with lower or
blunted cortisol levels, whereas acute stress is associated with elevated
diurnal levels (Dowd et al., 2009; Miller et al., 2007). This finding is
consistent with the allostatic load theory; after prolonged exposure to
stress common to low-income, high-cumulative risk contexts, an in-
dividual, unable to generate the energy required to regulate and
maintain an acute stress response, may shift from hyper-responding to a
downregulated response. Of note, these reviews were comprised of
studies from early childhood through adulthood. Therefore, while there
is some evidence of these observed patterns in children (e.g. Evans and
Kim, 2007; Badanes et al., 2011), the review findings are driven by
adult studies (e.g. Myge = 38.39 in Miller et al., 2007) and it is less
clear, developmentally, when these patterns may emerge in children.

The literature does not clearly address the extent to which risk ex-
erts a stable influence over HPA axis functioning versus a more tran-
sient disruption the stress response system. There is some evidence that
socioeconomic risk is exceedingly taxing to the HPA axis over time and
related to its long-term stability (Evans and Kim, 2007), evidence that
risk relates to the dynamic change of the stress response system, rather
than its stability (Fernald and Gunnar, 2009) and research to suggest
that stable, distal risk factors relate to stable, characteristics of HPA
activity while more time-specific, proximal risk factors relate to con-
temporaneous states of HPA activity (Laurent et al., 2014). Further
study on the contributions of environmental risk to the stability, as well
as the variability, of cortisol over time, are needed. The current study
seeks to address this gap in the literature, using four time points of
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cortisol data to examine whether income and cumulative risk predict
stable, trait aspects of HPA axis functioning.

2. Parenting and HPA axis function

Parenting reflects a proximal environmental influence upon stress
hormone functioning. Studies have suggested that maternal withdrawal
and insensitivity relates to elevated baseline cortisol among infants
(Bugental et al., 2003; Haley and Stansbury, 2003), maternal negative
affect relates to blunted diurnal slope among preschoolers (Zalewski
et al.,, 2012), and decreased parenting quality, as indexed by lower
involvement and lower warmth, relates to flatter diurnal slope in
children in kindergarten and adolescence (Pendry and Adam, 2007).
Early parenting appears to be a long-term predictor of HPA axis func-
tioning, with studies finding, for example, that higher levels of maternal
engagement during infancy predicted lower basal cortisol in toddler-
hood (Blair et al., 2008) and higher levels of maternal insensitivity in
the first 3 years of life predicted lower awakening cortisol at age 15
(Roisman et al., 2009).

While parenting behaviors have long-term predictive value, they are
also thought to be variable over time (Dallaire and Weinraub, 2005).
Providing some support to the notion that state parenting contributes to
children's contemporaneous or state cortisol, one study found that in-
consistency in parenting, not parenting behavior itself, interacted with
genetic and prenatal risk factors to predict cortisol variability across the
first 4.5 years of life (Marceau et al., 2013). The current study examined
whether parenting behaviors relate to stable, trait HPA axis functioning
in preschool age children and/or explain time-varying variance in HPA
axis functioning—that is, whether variations from one's “typical” par-
enting experiences can account for deviation from one's own “typical”
HPA axis functioning.

3. State-trait models of cortisol

Few studies of children's cortisol function have utilized state-trait
models, which may have limited the field's ability to evaluate predictors
of diurnal cortisol. As highlighted by Kirschbaum et al. (1990), there
are three sources of variance in cortisol: (1) trait factors related to in-
ternal personal factors, and we note, that these might also reflect stable
aspects of an individual's environment or context, (2) state factors re-
lated to time varying situational and/or person-situational interactions,
and (3) error variance, which includes measurement error introduced
by assay unreliability and unmeasured sources of variance. Collapsing
across these sources of variance may not only obscure relations by re-
ducing the power to detect meaningful differences, but also ignores
potential specificity between the predictor and the portion of cortisol
variance explained.

When it comes to prior LST studies, the time between assessments
vary significantly, with some studies considering traits over days and
weeks (Kirschbaum et al., 1990), as well over years (Wang et al., 2014).
Therefore, estimates of trait variance may be accentuated by time
frame, such that estimates have captured epoch speciifc rather than true
trait variance in cortisol. On balance, as is characteristic of a variable's
diminishing correlation over time, the longer the time between time
points of assessment, the lower the trait-effect estimates. Further, sta-
bility estimates vary depending on the aspect of cortisol (e.g., morning
v. evening level) being examined (Doane et al., 2015; Stroud et al.,
2016; Wang et al., 2014).

Notably, few studies have examined stability and change in the HPA
among children. On balance, in mid-childhood and adolescence, models
suggest the majority of morning cortisol is attributed to state factors,
with estimates including 50% of variance to 70% of variance, and a
significant but smaller percent of variance (e.g. 41% and 28%, re-
spectively) attributed to trait factors (Kertes and van Dulmen, 2012;
Shirtcliff et al., 2005). In terms of diurnal slope, state variance estimates
have ranged widely, with estimates ranging from 35% to 76% of
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