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Cortisol Function Among Early School-aged Homeless Children
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SUMMARY

Homelessness represents a context of extreme poverty and risk for child development. This study
compared the relative influence of two classes of risk in the context of homelessness. Levels of
socioeconomic resource-related risk and negative lifetime events were examined with respect to
morning cortisol levels and cortisol response to a set of cognitive tasks. Participants were 66 children
between the ages of 4 and 7 years staying in an emergency shelter for families. Adversities largely
reflecting family level negative life events predicted higher levels of morning cortisol and differences
in initial level and change over the course of the session of cognitive tasks. In contrast, a
socioeconomic cumulative risk score was not associated with morning or session-related differences
in cortisol.
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INTRODUCTION

Overview

Understanding pathways of developmental risk for disadvantaged children is crucial for
effective prevention and efforts to promote healthy development in these children. Past
research on socioeconomic status (SES) disparities in health and behavior implicates the
possible role of altered physiological stress response systems, including the hypothalamic-
pituitary-adrenal (HPA) axis, in these risk pathways linking low SES and associated adversities
to problems in multiple domains across the lifespan (e.g., Shonkoff, Boyce, & McEwen,
2009). Yet, little is known about the relative impact of various kinds of risk on developing
stress response systems. The purpose of this study was to examine associations between cortisol
levels, reflecting a component of neuroendocrine regulation, and the experience of stressful
life events and other risk factors in the context of extreme childhood poverty in the United
States. The study focused on children living in a family homeless shelter, a socioeconomically
disadvantaged group with high risk for adversity exposure as well as developmental problems
(Rog & Buckner, 2007).

Lower socioeconomic status (SES) has been robustly linked to many negative physical and
mental health outcomes in children and adults, but the mechanisms that produce these
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associations have not been satisfactorily explicated (Adler et al., 1994; Anderson & Armstead,
1995; McLoyd, 1998; Lupien et al., 2001; Chen et al., 2002). Dynamic models that emphasize
the interplay of biology and environment over time have seen renewed interest, especially those
that include the role of psychosocial stress in development (e.g., McEwen, 2000; Boyce &
Ellis, 2005; Ellis et al., 2006; Evans & Kim, 2007). Individuals from low SES backgrounds
experience stressful situations more frequently and report greater perceived stress than
individuals of higher SES (Duncan & Brooks-Gunn, 1997; McLoyd, 1998; Evans & English,
2002). Chronic activation of physiological stress response systems may help explain how
poverty can “get under the skin” and produce disparities (McEwen, 1998; Lupien et al.,
2001; Evans & Schamberg, 2009). Yet it remains unclear which aspects of the environmental
conditions or experiences of poverty, such as exposure to poor housing conditions or increased
likelihood of family disruptions, may be most influential in the development of differences in
stress physiology. More refined delineation of these influences is important to advance
understanding of the processes that account for the physical and mental health risks observed
among disadvantaged children.

Homelessness as a context of extreme poverty and risk

Children living in homeless families represent one of the most disadvantaged groups in the
United States. By 2005, about 34% (241,765) of all homeless shelter residents in the United
States (from February 1 to April 30, 2005) were persons in families with children. Children
accompanied by an adult represented about 21% (149,248) of all shelter residents, and 11% of
the total were children under the age of 6 (U.S. Department of Housing and Urban
Development, 2007).

While considerable diversity exists, homelessness is generally accompanied by exposure to
multiple developmental risk factors (e.g., low family income, parental unemployment and low
educational attainment, exposure to unsafe and violent contexts), which have been linked to
negative developmental outcomes in children (Bassuk et al., 1996; Rog & Buckner, 2007;
Wilder Research, 2007). Homeless children also frequently experience substandard housing
and are exposed to worse conditions in their physical environments (U. S. Department of
Housing and Urban Development, 2007). They are at increased risk for negative and highly
stressful life events, such as child maltreatment, parental conflict, domestic violence, parental
substance use and mental illness, and other risks associated with family instability (Masten et
al., 1993; Bassuk et al., 1997; Rog & Buckner, 2007; Wilder Research, 2007; Gewirtz et al.,
2008). This combination of risk factors in the environment and increased rates of stressful
negative situations put homeless children at risk for a wide range of poor outcomes (Rafferty
& Shinn, 1991; Masten et al., 1993; Buckner et al., 1999; Obradovic et al., 2009).

The hypothalamic-pituitary-adrenal axis

Experiencing significant stress and adversity, especially early in life, has been linked to lasting
alterations in hypothalamic-pituitary-adrenal (HPA) axis functioning (Gunnar & Vasquez,
2001, 2006). The HPA axis plays a central role in many homeostatic processes, including
reactions to a variety of somatic and psychosocial stressors. Under basal conditions, cortisol
levels typically follow a circadian rhythm with levels highest in the morning and declining
throughout the day. When activated in response to a stressor, the HPA axis participates in a
cascade of neuroendocrine responses, beginning with the secretion of corticotrophin releasing
hormone (CRH) from the hypothalamus. CRH travels to the anterior pituitary to release
adrenocorticotropic hormone (ACTH). ACTH acts on the adrenal gland where cortisol is
produced and released. Stress also activates other aspects of the sympathetic nervous system
to produce arousal (the “fight-or-flight” response). Cortisol acts to interfere with many of the
biological effects produced during the fight-flight period of stress responding while also acting
to inhibit its own production through negative feedback regulation at the levels of the
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hippocampus, hypothalamus and pituitary. Thus, a typical HPA stress response involves a
period of increased cortisol in circulation followed by a return to baseline levels (Sapolsky,
1992; Herman & Cullinan, 1997). This brief elevation following the onset of a stressor not
only serves to inhibit hypothalamic production of CRH, but also assists in restoring other
systems that are affected by the stress response. Partial failures in the inhibition of this cascade
can result in chronic overproduction of cortisol, which has been linked to a variety of poor
physical and mental health outcomes (McEwen, 1998; Sapolsky et al., 2000; Boyce & Ellis,
2005; Herbert et al., 2006).

Effects of poverty and chronic stress on HPA axis functioning

Chronic stress in childhood has been shown to predict differences in HPA axis functioning and
diurnal cortisol profiles, with some children displaying elevated levels and others attenuated
ones (Flinn & England, 1997,2003; De Bellis et al., 1999; De Bellis, 2001; Gunnar & Vasquez,
2001, 2006; Evans & Kim, 2007; Miller et al., 2007; Heim et al, 2008). Animal models
examining maternal separation experiences in many species suggest that high levels of chronic
stress early in development contribute to differences in HPA axis functioning throughout life
(see Francis & Meaney, 1999; Dettling et al., 2002; Pryce et al., 2005).

An increasing number of studies document associations between socioeconomic status and
cortisol levels in young children. Preschoolers whose families experienced challenging
economic circumstances when the children were infants and continued to do so during the
preschool period exhibited higher levels of cortisol than children whose families never
experienced difficult economic circumstances or did so only during one of these developmental
periods (Essex et al., 2002). Lupien also noted elevated cortisol levels for lower SES school-
aged children, but not for teenagers (Lupien et al., 2001). However, Evans and Kim (2007)
noted that overnight cortisol production was positively correlated with the number of years
children had lived in poverty in a study of 13-year-olds. Notably, research on socioeconomic
status and cortisol levels in children has moved beyond correlational analyses. Recently,
Fernald and Gunnar (2009) showed that preschool-aged children in rural Mexico whose
families were assigned to participation in a conditional cash transfer program had lower
baseline cortisol levels compared to children reared in families of comparable pre-program
poverty who were not given the opportunity to take part in the cash transfer program. Thus,
there is good evidence that poverty, or factors associated with it, may produce chronic increases
in cortisol production in children.

The importance of identifying more specific risk factors

Human development reflects the co-action and interaction of many processes across multiple
system levels (from genes to physiological function to social relations to broader factors such
as culture and public policy) and across time to produce the characteristics of an individual in
a probabilistic fashion (Gottlieb, 1991; Gottlieb & Halpern, 2002; Yates et al., 2003). This
principle likely applies to the development of stress response systems including the HPA axis.
Indeed, differences in genotype, temperament, caregiving environment, exposure to stressful
life events, community and school level variables, certain broader social factors, and
developmental history all have been found to influence an individual’s HPA axis functioning
as reflected in cortisol measures (Gunnar et al., 1992; Gunnar & Donzella, 2002; Chen &
Paterson, 2006; Gunnar & Vazquez, 2006). Furthermore, researchers are only beginning to
appreciate the complexities of these influences, leading studies away from broad and
heterogeneous groups or indicators, such as ‘maltreated children’ or *poverty,” and towards
greater specificity in measurement of psychosocial and developmental risk (Brooks-Gunn &
Duncan, 1997; Cicchetti & Rogosch, 2001a; Chen et al., 2002). This underscores the
importance of considering theoretically grounded processes that take into account more
proximal risk factors. Such an approach will serve to better elucidate basic explanatory models
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of the impact of childhood adversity while recommending potential targets for more effective
interventions. This study attempts to move beyond the broad and heterogeneous risk factor of
‘poverty’ to more specific sources of risk among homeless children with respect to differences
in cortisol levels.

Other efforts have attempted to identify which specific aspects of poverty may account for
elevations in diurnal cortisol levels. Evans and Kim (2007; see also Evans & English, 2002)
found that children who experience longer durations of poverty show higher levels of overnight
urinary free cortisol. However, a cumulative risk score reflecting the amount of psychosocial
and physical risk factors in the child’s life failed to mediate the poverty-cortisol relationship.
Flinn and England (1997; Flinn, 1999) failed to find an effect of income on health among
children living in a rural Caribbean village, but reported that stress related to unstable family
environments was linked to higher cortisol levels during the day. They concluded that important
intermediates between low SES and poor health could be found in psychosocial stressors that
threaten or disrupt the family and consequently impact neuroendocrine and immune
functioning. While it appears that low SES is associated with higher levels of diurnal cortisol
in children, it remains unclear which aspects of poverty are most influential in this link. Neither
income nor stress indices that highlight physical living conditions explain the association. As
noted by Flinn and England (1997), the most promising factors involve family functioning.

While low SES appears to be associated with higher diurnal cortisol levels, much less is known
about the relationship between socioeconomic status and differences in cortisol response to a
challenging or stressful task. Evans and Kim (2007) found a link between poverty exposure
and the stress response via blood pressure reactivity, although they did not consider cortisol.
This poverty-stress response link was mediated by the degree of cumulative psychosocial and
physical risk in a child’s life. Nonetheless, it remains unclear whether this association is the
result of differences in HPA axis functioning, or if it operates through other pathways.

To our knowledge, there is no definitive study of socioeconomic effects on children’s cortisol
response to any challenge. However, findings have linked differences in cortisol response with
certain family-related adversities that occur more frequently in the lives of low SES children
(Whitbeck & Hoyt, 1999; Pardeck, 2005a, 2005b; Rog & Buckner, 2007). Saltzman and
colleagues (2005) found that children who had lived in families with marital violence showed
elevated cortisol levels compared to controls both before and after a potentially distressing
interview about domestic violence. Yet, there was no group difference in the cortisol response
during the interview. Documented child maltreatment is also more prevalent among low SES
families, and multiple forms of abuse and neglect have been linked with alterations in HPA
axis functioning in the form of diurnal patterns (e.g., De Bellis et al., 1999; Cicchetti &
Rogosch, 20014a) as well as in response to either psychosocial stress or physiological challenge
(see DeBellis, 2001; Cicchetti, 2003; Gunnar & Vazquez, 2006). Yet, the direction of these
differences (elevated versus attenuated responding; high versus low baseline levels) appear to
vary as a function of the timing, type, and severity of the child’s negative experiences and their
psychological and behavioral sequelae (Hart, Gunnar, & Cicchetti, 1995; Cicchetti & Rogosch,
2001a, 2001b; Gunnar & Vazquez, 2001; Cicchetti, 2003; Gunnar & Vazquez, 2006).

Attenuated versus elevated cortisol levels

While the literature on SES differences in cortisol suggests that morning levels are typically
higher for children experiencing lower socioeconomic status, in some cases exposure to chronic
stress has been associated with lower levels of cortisol. Termed ‘hypocortisolism’, such
patterns have been found in some samples of high-risk children and are believed to be a product
of down-regulation of the HPA axis following chronic elevations (Heim et al., 2000; Fries et
al., 2005). However, it is not clear if this effect applies to all types of childhood adversities.
Hypocortisolism has been documented in infants and young children who experience extreme
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forms of deprivation and neglect (Gunnar, 2000; Gunnar & Vasquez, 2001; Fisher et al.,
2005; Dozier et al., 2006; Fisher et al., 2006; Bruce et al., 2009), young children of mothers
with high levels of depression symptoms living in extreme urban poverty in the third world
(Fernald et al., 2008), and school-aged children who have experienced repeated and recent
traumatic events (Bevans et al., 2008). In contrast, many other studies of children reared in
poverty or exposed to maltreatment have reported elevated cortisol levels, such as those noted
above. Thus, while we recognize that the adversities examined in this report might produce a
down-regulation of the HPA axis, based on the preponderance of the evidence, we expected
positive associations between measures of adverse conditions and measures of cortisol.

and hypotheses

The goal of the present study was to investigate the relative contributions of two categories of
risk on cortisol levels among homeless 4 to 7 year old children: cumulative socioeconomic risk
linked to the child’s experience of economic resources; and cumulative negative lifetime events
that largely index problems of family function. Based on broader research on children
experiencing poverty, we hypothesized that lifetime event scores largely related to family level
negative experiences and disruptions (e.g., Flinn & England, 1997) would be associated with
higher morning cortisol levels, beyond any differences related to cumulative socioeconomic
risk (e.g., Evans & Kim, 2007). Also, we expected a positive relationship between lifetime
event scores and cortisol response to the session tasks, given past evidence suggesting that
family difficulties that are more common in low income contexts (e.g., child maltreatment,
exposure to domestic violence) are linked with differences in the stress response to
psychosocial challenge.

METHODS

Participants

Measures

Parents and children were recruited from a large, urban, emergency shelter for families in the
mid-western United States in 2006, prior to the rapid increase in foreclosures that emerged in
force during 2007. Demographic characteristics of families in this shelter were comparable to
national figures (U.S. Department of Housing and Urban Development, 2007). Inclusion
criteria were families with a child between 4 and 7.3 years old (M=5.95 years, SD = .68) with
no known developmental delay and who spoke proficient English (child and parent). The age
range was selected because the current data are part of a larger project interested in early school
success. Only one child participated per family. When there were multiple eligible children in
a family, the child entering kindergarten was preferred, otherwise the parent chose which child
participated.

All families with a child in the age range were invited to participate and approximately 86%
of eligible families agreed. Five families were excluded from participation, all due to a lack of
English proficiency. This resulted in a sample of 66 children (25 females). All caregivers
provided informed consent. An effort was made to include only families who had stayed in the
shelter for at least three nights to allow for some time to adjust to the context; yet two (3%)
families participated prior to their third night in shelter. Nearly all participants had ethnic
minority backgrounds [n = 64; 97%: 53 (80.3%) African American; 10 (15.2%) multiracial;
and 1 (1.5%) Native American]. Two (3.0%) children were Caucasian.

Children and their primary caregivers completed independent assessment sessions that each
lasted approximately 1.5 hours. All assessments occurred in specially designated rooms in the
emergency shelter. Sessions occurred either in the morning (9 am to 12 pm), or afternoon (1
to 4:30 pm). Children were administered a number of developmentally appropriate cognitive
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tasks and provided saliva samples, while parents reported on child behavior, family
characteristics, cumulative socioeconomic risk, and negative lifetime event histories. Parents
received a $20 gift card as an honorarium for their time and children received toys valued
around $10.

Cognitive tasks—Children were administered a series of cognitive tasks. These tasks served
as the challenge to elicit a cortisol response, as found in past work with low SES preschoolers
(Blair et al., 2005; Willoughby et al., 2007). First, children completed three subscales of the
Wechsler Preschool and Primary Scale of Intelligence — Third Edition (Wechsler, 2002): Block
Design, Matrix Reasoning, and VVocabulary. Then a set of widely used tasks were employed
to assess executive function skills, including Simon Says (Kochanskaetal., 1997), Peg Tapping
(Diamond & Taylor, 1996), the Computerized Pointing Stroop task (Berger et al., 2000), and
the Dimensional Change Card Sort (Frye et al., 1995). These tasks primarily require the use
of inhibitory control of a prepotent response.

Salivary Cortisol—Children’s salivary cortisol was collected in two contexts: 1) during the
assessment session as a measure of HPA reactivity to the tasks, and 2) in the morning prior to
breakfast to assess diurnal cortisol levels following wake up. During the assessment session,
three samples were taken at roughly 30 minute intervals following a 15 minute consent process
and an initial 5 minute rapport building period. The three cortisol values were analyzed using
linear mixed modeling (described below) to test for associations with initial sample values
(intercept) and with differences in change over the session (slope).

Morning cortisol was collected three times on three separate days after the session.
Investigators met each child and parent either in the shelter’s cafeteria during breakfast, or in
the lobby as children were preparing to leave for school. Every effort was made to obtain the
sample at least 15 minutes following wake up and before the child had eaten. On average, these
samples were taken 46 minutes (SD = 24 minutes) after the parent reported that the child woke
up. Values were averaged for each child for a single indicator of morning cortisol level.

Saliva was obtained by having the child dip a 1.5” cotton dental roll in about 0.025 g of cherry
flavored Kool-Aid™ mix before placing the cotton roll into his/her mouth. The use of this
small amount of Kool-Aid™ mix does not meaningfully affect the cortisol assay (Talge et al.,
2005), while increasing the amount of salivation. The child held the cotton roll in his/her mouth
until it became saturated. A needleless syringe was used to express the saliva into a 1.5 ml
Eppendorf Safe-Lock microtube, which was then frozen at —20° C until assaying.

Samples were assayed in duplicate for cortisol concentration with a time-resolved fluorescence
immunoassay (DELFIA). Intra-assay coefficient of variation was between 4.0% and 6.7%, and
the inter-assay coefficients of variation were between 7.1% and 9.0% for this assay. Duplicates
were highly correlated in our sample, r = .995, p < .001.

Cumulative Socioeconomic Risk—Primary caregiver interviews included information
related to demographic and other poverty related risks in the physical environment. From these
interviews, each child was assigned a cumulative socioeconomic risk score by summing six
dichotomized (present vs. absent) risk factors (Sameroff et al., 1987; Sameroff et al., 2003;
Evans, 2004). These particular risk factors were selected to index the family’s level of risk
with respect to physical resources and human capital, with an attempt to avoid risk factors
related to disruptions and disturbances in family functioning (see Table 1). This allowed for a
comparison of cumulative socioeconomic risk and of negative lifetime events weighted toward
family disturbances (see below).
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Negative Lifetime Events—Lifetime event scores were sums of the responses on the
Lifetime Events Questionnaire (Masten et al., 1993) completed by the primary caregiver. This
questionnaire elicits the number of stressful events that the child experienced during his or her
lifetime, including events and situations that threaten the child directly as well as those
experienced by the child that threaten a parent, a family member, or the integrity of the family
(see Table 2).

Potential Confounds—Parents completed a brief daily checklist every day a cortisol sample
was collected. This checklist asked about daily factors that may have influenced a child’s
cortisol levels. Six of these factors were endorsed, indicating that the child had recently: used
an inhaler, taken a psychostimulant, taken other medication, was ill, had eaten in the past hour,
or had some particularly stressful event occur that morning. Three children were actively taking
medications that involved the direct administration of corticosteroids, or had mechanisms of
action on physiological systems directly related to HPA axis functioning. Therefore, cortisol
values from these three children were dropped from the dataset and estimated through statistical
techniques (described below). Other endorsed factors were not related to cortisol (coefficients
not reported), nor was length of stay in shelter (median: 11.5 days). Therefore, these factors
were not included in analyses.

Missing Data

Despite great effort, the realities of collecting data in an emergency homeless shelter and
working with families actively in crisis resulted in some missing data. No family lacked
demographic, cumulative socioeconomic risk, or lifetime event data. However, as noted above,
all session cortisol data for 3 children (4.5%) were excluded because of medication issues. Six
(9.1%) children lacked only a third session sample, and one child lacked the 2" and 3"
samples. Most commonly, data were missing because the family interrupted the session to
attend meals which were offered at specific times in shelter. Fifty-six (84.8%) children had
values for all three session samples, with 181 of a possible 198 (91.4%) session cortisol values
obtained.

Collecting morning cortisol in shelter proved especially challenging. Accommodations were
made to collect samples from children who did not attend breakfast or did not regularly ride

the bus to school. Fifty-four (81.8%) children provided at least 1 morning cortisol sample, 44
(66.7%) at least 2 samples, and 36 (54.5%) provided all three morning samples.

Statistical Analyses

The relative contributions of cumulative socioeconomic risk and negative lifetime event scores
to differences in morning cortisol were tested with a multiple regression analysis. Morning
cortisol level was simultaneously regressed on cumulative socioeconomic risk and negative
lifetime events while controlling for age, gender, and time since waking up. Additional models
were run to inform the impact of lifetime events without socioeconomic risk considered, and
of socioeconomic risk without lifetime events considered. Missing values for morning cortisol
were imputed using PROC MI of SAS version 9.1. Data appeared to be “missing at

random” (MAR), meaning that missing values were conditional on other observed variables
(see Schafer & Graham, 2002), according to analyses of missingness (not presented). The
imputation estimates missing values through an iterative process: Maximum likelihood
estimates are made using an expectation-maximization (EM) algorithm. The EM estimates
then serve as a starting point for a Markov chain Monte Carlo (MCMC) method to create twenty
imputed datasets (Schafer & Graham, 2002). Regression analyses were run individually on
each of twenty imputed datasets and test estimates and other coefficients were combined as
recommended by Rubin (1987). This allows for a more robust estimation of missing data
(Schafer & Graham, 2002). As an additional check, analyses with morning cortisol were
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completed using imputed and non-imputed datasets. Results were not meaningfully different.
Estimates based on the imputed datasets are reported for statistics involving morning cortisol
values.

The relationships between negative lifetime events, cumulative socioeconomic risk, and
cortisol response to cognitive tasks over the session were tested using a linear mixed model
(LMM; Fitzmaurice et al., 2004), controlling for age, sex, and time of day the session occurred.
Again, additional models were run to inform the impact of lifetime events without
socioeconomic risk considered, and of socioeconomic risk without lifetime events. LMM
allows for relationships to be tested with respect to the initial cortisol level at the start of the
session (intercept), and the pattern of change in cortisol over the course of the session (slope).
Observed means suggested non-linear trajectories, but a quadratic polynomial could not be fit
because the total degrees of freedom were limited by the availability of only 3 samples. Instead,
we used a log transformation of the time metric [time = log (sample number)] which can
accommodate near-linear and simple non-linear trajectories (Royston et al., 1999).
Distributions of session cortisol levels violated normality assumptions and were corrected with
a log-transformation.

Morning cortisol

First, hypotheses were tested with regard to the relationship between cumulative
socioeconomic risk, lifetime events, and cortisol (see Table 3 for means). The distributions of
cumulative socioeconomic risk and lifetime event scores did not violate normality assumptions
(cumulative socioeconomic risk: std. skew = 0.62; std. kurtosis = —0.91; lifetime events: std.
skew = 1.45; std. kurtosis = —1.41). Morning cortisol values violated normality assumptions,
so a corrective logarithmic (log10) transformation was applied. Simple correlations between
variables in these analyses are provided in Table 4. The results of the regression models are
provided in Table 5. Only participants who had at least one valid morning cortisol value, after
excluding children who provided no samples or whose samples were implausible due to
medication use, were included in the imputation and subsequent analysis of morning cortisol
levels to improve the accuracy of the prediction (n =55). As expected, higher levels of negative
lifetime events predicted higher morning cortisol levels (f = .40; p <.01) in the full model,
controlling for age, gender, and time since the child woke up. However, cumulative
socioeconomic risk scores were not associated with morning cortisol levels (p =.07; ns). This
held in the full model that included socioeconomic risk and lifetime events simultaneously, as
well as each separately.

Cortisol in response to session

Results of the LMM are provided in Table 6. Only participants with at least one plausible
cortisol value during the session were included (n = 63). Significant fixed effects for intercept
emerged for two variables: the time of day the session occurred and lifetime event scores. A
greater number of negative lifetime events was related to higher cortisol values at the start of
the session. The only significant fixed effect for slope was the lifetime events score. This
estimate suggests a negative relationship in which an increased number of negative lifetime
events was related to a relatively more negative slope (see Figure 1). Socioeconomic risk scores

1Results were similar for identical analyses using only observed data without imputation (n =54). Again, lifetime events were significantly
related to morning cortisol levels (B = .34; p < .02), while socioeconomic risk was not (B = .11; ns). This pattern of results again held
when socioeconomic risk was not included in the model (lifetime events g = .33; p <.02), and socioeconomic risk was again not significant
(B =.06; ns) in a regression that did not include lifetime events using only non-imputed data.
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were not significant for either intercept or slope. Again, this held when considering the full
model that included socioeconomic risk and lifetime events, as well as each separately.

Figure 1 illustrates the results of the linear mixed model. For interpretation, participants were
divided into three groups based on their lifetime events score for depiction in this figure. These
groups represented thirds: lower, middle, and higher lifetime event scores. Those with the
highest lifetime event scores have higher cortisol levels at the start of the session and, on
average, decline over the course of the session. In contrast, those with the lowest number of
lifetime events not only have lower intercept values at the start of the session, but also tend to
show either no response or a rising pattern of cortisol response over the course of the session.

DISCUSSION

A history of many negative life experiences in this sample of young homeless children was
linked to higher cortisol levels in the morning, higher levels at the start of an assessment session,
and falling levels across a session of challenging cognitive tasks. Negative lifetime event scores
primarily reflected reports of family level disruptions and problems, such as being exposed to
violence or conflict in the home, having a parent impaired by substance use or psychological
disorder, or loss or separation from a caregiver. The association of cortisol with lifetime events
was unique in relation to cumulative socioeconomic risk scores based on the family’s level of
resources, which were not related to cortisol in this sample.

It is consistent that both the morning and initial session sample show a ‘more lifetime events—
high cortisol” association. However, it is unclear if the differences in slope during the cognitive
testing session were indexing a different stress response for children, or if the children all
experienced comparable stress responses during the session once the initial difference is taken
into account. In other words, the difference in slope reflects a decrease over the session from
an initial elevation for higher-adversity children. All children engaged in about 20 minutes of
calm interaction and rapport building prior to the first sample collection with the goal of
obtaining a more controlled initial value. Yet, differences in slope over the session may reflect
arecovery from a previous stress response (including stressors immediately prior to the session
or in anticipation of the session) that may be more common in children who experience more
negative life events. Alternatively, the difference in slope may be a qualitatively distinct
response from the basal levels which are also tied to differences in life event history. Future
work that includes measurement of children’s basal levels or a longer calming period before
the first sample may clarify the meaning of these slope differences.

A cumulative socioeconomic risk index of physical resources was not related to morning
cortisol levels or cortisol in response to the session. This does not appear to be related to any
restriction of range in the cumulative risk score. There was substantial variance in risk and
heterogeneity among families with respect to the six cumulative risk indicators (see Table 1).
While it is conceivable that socioeconomic risk levels were all above a threshold where
variation in cortisol could not be observed, it is also possible that the lifetime event score
assessed more important proximal conditions in the child’s life. In the current analyses,
indicators of cumulative risk were specifically selected to reflect the family’s physical and
socioeconomic resources in a broad sense. In contrast, the lifetime events score was mainly
comprised of stressful experiences arising in the family and likely reflecting proximal threats
to security and the function of parents in the family. Therefore, the cumulative socioeconomic
risk score may not be as influential in predicting homeless children’s HPA axis functioning as
the family-based lifetime events score.

The emphasis on family level factors beyond socioeconomic risk is supported elsewhere in the
literature. For example, maternal depression has been shown to have moderating and mediating
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effects on the link between SES and child cortisol, a mechanism which likely operates through
exposure to stress, less adequate caregiving environments, shared genetic factors, and their
combination over time (e.g., Lupien et al., 2000; Essex et al., 2002; Fernald et al., 2008). Blair
and colleagues (2008) found that low income infants with lower levels of maternal engagement
evidenced higher levels of cortisol overall and in response to an emotionally arousing stimulus.
Flinn and England (1997) demonstrated that family relationship factors predict children’s
diurnal cortisol levels, and family change or conflict (such as arguments or residential change)
was the most common reason for large increases in cortisol.

The link between low SES and higher morning cortisol does not seem to operate through limited
family resources, but rather through disruptions in and threats to the family. While changes in
income or improvements in financial resources can impact HPA axis functioning (Fernald &
Gunnar, 2009), the family’s SES and level of physical resources are undoubtedly risk markers
for anumber of developmental contexts, childhood adversity, and family problems that account
for the differences in child cortisol functioning found in the current study. This is consonant
with developmental theory emphasizing the central role of family function for children (e.g.,
Bronfenbrenner, 1979; Sroufe, 1996; Masten & Shaffer, 2006), as well as specific findings
from families experiencing adversity and crisis that illustrate how children can be either
protected from or exposed to deleterious psychosocial agents depending on family relationship
factors (see, e.g., Miliotis et al., 1999; Scheeringa & Zeanah, 2001;Luthar, 2006). Family
functioning and relationships appear to be more central when it comes to child HPA axis
functioning, just as it is for many other child outcomes. Future work should include direct
measures of family relationship quality and family functioning.

There is growing recognition that developmental history influences the sequelae of later
traumatic or highly stressful life events, and that problems earlier in life can be particularly
deleterious. Experiencing significant childhood adversity increases the risk for adult
psychopathology following a new episode of trauma or high stress (Bremner et al., 1993; Heim
& Nemeroff, 2001; Heim et al., 2008). Relatedly, resilience in development is the product of
past competence that has resulted in more robust adaptive systems (Yates et al., 2003). Under
this view, development is cumulative with the child acquiring increasingly differentiated
abilities (Gottlieb, 1991; Gottlieb & Halpern, 2002; Gottesman & Gould, 2003; Sroufe,
2007). The cumulative nature of development suggests that adversity may have a greater impact
earlier in life when adaptive systems are less differentiated.

Consideration of normative development also helps explain why threats to the family are more
salient stressors for young children than resource related risks. Younger children are more
reliant on caregivers for basic physical needs, as well as important co-regulation of emotional
arousal. Stressors that impact family members often also impact the young child through
emotional distress in the caregiver and disruption of a parent’s capacity to co-regulate the
child’s arousal and experience. Young children rely on signals from caregivers to interpret
danger, called social referencing, and experience distal threats through their proximal effects
on the family (see Scheeringa & Zeanah, 2001). Developmentally, capabilities for emotional
reactions and social referencing emerge earlier than full cognitive understanding of dangers
and disruptions. Therefore, many stressors of early childhood appear to reach the lives of
children through their impact on parents (Masten et al., 2009; see also maternal depression and
the physiological stress response: e.g., Lupien et al., 2000; Essex et al., 2002; Fernald et al.,
2008). More attention is needed in future research to better understand how family disruptions
and problems may produce higher levels of stress and cortisol production in young children.

The current findings contrast with studies of children experiencing high levels of chronic or
repeated trauma who show hypocortisolism, a blunting of morning cortisol levels. Higher levels
of adversity as indexed by negative lifetime events were tied to higher levels of cortisol in the
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current sample, a finding that parallels the literature on SES differences in cortisol. There may
be several reasons that the children in the current sample did not evidence hypocortisolism.
First, it is possible that these children are all evidencing hypocortisolism which might go
undetected because the current study lacks a control group. This is unlikely because the
observed cortisol levels are not markedly different from other studies of young children (see
Gunnar & Donzella, 2002). However, this issue would be more convincingly settled in studies
that include an appropriate control group.

A second possibility is that the high level of deprivation linked to hypocortisolism in other
studies may not apply to the current sample. All of the children studied were living in a family
and, most likely, did not experience the same sort of deprivation described in children who
experienced early and prolonged institutionalization (Kaler & Freeman, 1994). Families in the
current sample were not selected for experiencing high levels of neglect and maltreatment.
Yet, as noted elsewhere, children in the context of homelessness do have elevated rates of child
protection involvement (and presumable maltreatment) compared to the general population
(Gewirtz et al., 2008), but these rates are below those of samples that typically evidence
hypocortisolism (e.qg., foster care samples: Bruce et al., 2009). Finally, while homeless children
are more likely to have experienced the multiple and chronic forms of stress associated with
hypocortisolism in samples of older children (Bevans et al., 2008), it may be that a
developmental difference exists in the pathway from certain forms of chronic stress to
hypocortisolism (e.g., Romeo et al., 2006; Tarullo & Gunnar, 2006) or more prolonged
exposure may be necessary (e.g., DeBellis, 2001; Lupien et al., 2001).

A third possibility is that methodological constraints may have restricted our ability to detect
hypocortisolmic patterns. Our morning saliva sampling was limited to only one sample each
day. Morning cortisol levels typically peak within the first 60 minutes after waking up and then
decline throughout the day (Sapolsky, 1992). As hypocortisolmic findings tend to focus on
attenuated morning levels, and gold-standard assessment of the morning peak requires repeated
measures in the first hour after waking, the current study may not have had the sensitivity to
detect hypocortisolism as analyses relied on a single morning cortisol value for each child.
Furthermore, this value was a composite of three morning saliva samples that were collected
across three days at various times relative to child wake up. This methodological constraint
should be kept in mind generally when considering the findings reported above. Future research
should involve multiple samplings each day across the first hour following wake up.

Finally, despite statistically significant results, the measured variables accounted for a rather
small amount of the variance. Along with unmeasured psychological and experiential factors
and uncontrollable confounds, it is also likely that genetic factors and epigenetic processes
contributed to this variation among children. The development of HPA axis functioning
involves an epigenetic process where genes, environments, and the child’s developmental
history co-act and interact in complex ways to produce an endophenotype at any given point
in time (Wst et al., 2004; Meaney & Szyf, 2005; Ellis et al., 2006; Kaffman & Meaney,
2007). It will be important to continually increase the sophistication of explanatory models of
development to include influences across levels of analysis over time.

Future research must better explicate the most influential factors and processes that produce
observed effects of adversity on the developing HPA axis. This includes considering risk and
protective factors in a risk/resilience framework. Other research has not necessarily considered
both risk/adversity and positive/protective factors, instead documenting group differences in
cortisol production based on symptom levels or poor developmental competence, between
groups with specific and shared trauma histories, or in conjunction with preexisting differences
in stress responsivity (e.g., Gunnar et al., 1992; Fisher et al., 2000; Cicchetti & Rogosch,
2001a, 2001b; Cicchetti, 2003; Heim et al., 2008). Other, more proximal variables may better
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account for differences in cortisol, such as the child’s cognitive abilities, a history of competent
functioning versus psychopathological symptoms, or the presence of other protective or
promotive factors (e.g., experiencing high-quality caregiving; lower levels of past stress
responsivity or fear) that may buffer negative effects of risk and adversity. Behavioral data
clearly indicate that key protective factors, such as receiving better quality parenting or having
good cognitive abilities, are linked to resilient outcomes in children experiencing high levels
of risk and adversity (Luthar, 2006). Since these protective factors operate to produce resilience
at the behavioral level, corresponding processes may be evident in physiological correlates.
While cumulative risk and lifetime event scores account for only a portion of children’s cortisol
levels in the current study, more nuanced explanations that incorporate known developmental
mechanisms would serve to further refine the model and increase explanatory power. Accounts
that include processes associated with protective and promotive factors are particularly
promising in this regard.

This study had a number of limitations. First, the sample was based on 66 families from a single
emergency shelter. A larger sample size would provide statistical power to test more complex
models. Furthermore, as noted above, although residents in this shelter and this sample were
demographically comparable to national figures on urban homeless families, sampling from a
single shelter may raise concerns of the generalizability of the findings. Future efforts should
attempt to sample a larger number of families from a number of different shelters to minimize
concerns of potential bias.

A prospective, longitudinal design also would further explicate the relationship between
stressful life events and HPA axis functioning. For example, the timing and duration of stressful
life events may play a key role in producing elevations in cortisol levels. In the adult literature,
diurnal cortisol levels are inversely related to the amount of time that has passed since the
activating event (see Miller et al., 2007). This could mean that children who recently
experienced more highly stressful events might show normative elevations in cortisol levels
that could return to pre-stress levels once their situation has stabilized. However, many of these
children will continue to experience risk and adversity: an estimated 44% of homeless children
with parents have been homeless for at least a year or have experienced homelessness four or
more times in the past three years (Wilder Research, 2007). Yet, for children experiencing very
high levels of poverty or negative life events or situations, moving into a shelter setting might
be viewed positively (Jarvis et al., 2005) and as an improvement over their previous
circumstances. Documenting the children and families” experience over time is a necessary
step to better understand the impact of homelessness and poverty on developing physiological
systems.

Another consideration involves the impact of stressors and HPA axis functioning over time.
Experiencing chronic or repeated stress might have a cumulative effect. Individuals with
childhood histories involving traumatic stress or maltreatment are at increased risk for
developing PTSD and altered HPA axis functioning after experiencing later traumatic or highly
stressful events (Bremner et al., 1993; Resnick et al., 1995). Furthermore, De Bellis (2001)
points out that a trauma history has the potential to alter pituitary responsiveness to CRH, as
well as adrenal responsiveness to ACTH in the production of cortisol. The result is a diverse
pattern of possible endocrine profiles following exposure to adversity. However, this process
appears to be protracted and in response to chronic physiological exposure to different levels
of endocrine activity. The same profile can change over time in either positively-adaptive or
maladaptive ways. A further complication is that healthy adults who experienced significant
childhood adversity have also showed attenuated cortisol levels in response to challenging
tasks when compared to adults with low or no adversity in childhood (Carpenter et al., 2007;
Elzinga et al., 2008). Such findings suggest the link between childhood adversity, cortisol
response, and psychopathology in adulthood is likely not a direct correspondence, although
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additional research is needed to examine these interactions (Resnick et al., 1995; Luthar et al.,
2000; Heim et al., 2008). Only prospective longitudinal research will provide a clear
understanding of the processes of stress and adaptation that underlie the relationship between
adversity and HPA axis functioning.

In conclusion, this study found associations between negative lifetime events and HPA axis
functioning, specifically indicating that a greater number of negative lifetime events was
related to elevated cortisol levels in the morning and differing patterns of cortisol during a
session of cognitive tasks. Results suggest that family related threats often experienced by
homeless children may play a role in the development or function of a key stress response
system. This finding may help guide future efforts to explain the link between lower SES and
higher cortisol, and ultimately the SES gradient with respect to health. Finally, it is worth noting
that, to our knowledge, this is the first published study of children’s salivary cortisol in the
context of an emergency homeless shelter. This study demonstrates the feasibility of collecting
valid and reliable data in this ecologically meaningful setting. With careful attention to
methodology, concern for participants who are actively in crisis, and strong relationships with
collaborators in the community, sound research can produce findings that will elaborate on
models of human adaptation while increasing understanding and awareness of developmental
processes of children at very high levels of risk.
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Figure 1.

Observed lines for children with lower, middle, and higher levels of lifetime events
representing trajectories of log-transformed Cortisol levels over the course of the assessment

session.
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Cumulative socioeconomic risk indicators and endorsement rates. Total sample N = 66.

Risk factors (thresholds for dichotomization)

Low parental education (< high school degree)
Parental unemployment

No family income last month ($0)

Unsafe neighborhood at last residence

Could not afford rent at last residence

Substandard or unsafe housing at last residence
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56
17
18
33
13

%

30%
85%
26%
27%
50%
20%
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Negative lifetime events and endorsement rates. Total sample N = 66.

Table 2

Has this child...

Lived in a home with fights or severe relationship problems between parents

or adults taking care of him/her

Experienced the divorce or permanent separation of his/her parents

Been separated from his/her parents for more than 2 weeks
Had a parent who was in prison

Seen violence happening to other people

Seen a parent injured by another person

Been hospitalized

Lived with a parent who had a serious mental illness
Lived with a parent who had a serious alcohol or drug problem
Lived in a foster home

Lived with a parent who had a serious physical illness
Other (unlisted) major life event

Experienced death of a parent

Experienced death of a brother or sister

Been the victim of physical violence

Experienced any other severe threat to his/her life or safety

26

2N NN
A A W W A~ G

o N NN OB~ B B~ N ©

%

39%

38%
36%
35%
35%
21%
21%
14%
11%
6%
6%
6%
3%
3%
3%
0%

Psychoneuroendocrinology. Author manuscript; available in PMC 2011 July 1.

Page 21



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Cutuli et al.

Table 3

Means for cumulative socioeconomic risk, negative lifetime events, and cortisol levels.

Socioeconomic Risk (SD): 2.38(1.16)
Range (min., max.): 5(0, 5)
Median: 2

Lifetime Events (SD): 2.77 (2.19)
Range (min., max.): 8(0, 8)
Median: 2

Morning Cortisol, pg/dl (SD) 0.62 (0.23)

Session Cortisol Sample #1, pug/dl (SD)  0.17 (0.12)
Session Cortisol Sample #2, pg/dl (SD)  0.19 (0.20)
Session Cortisol Sample #3, pug/dl (SD)  0.17 (0.17)
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Table 5

Regression coefficients predicting morning cortisol level.

Full Model Without Without
Socioeconomic Risk  Lifetime Events
B B B
Age -0.17 -0.16 -0.19
Gender -0.02 -0.02 -0.11
Time since wake-up —0.20T —o28t —0.30f
Socioeconomic Risk& 0.07 - 0.03
Lifetime Events? 040" 039" -
Total R2 0.28¢ 0.28d 0.13
Tp <0.1;
**k
p <0.01;

a L
Resource-related cumulative risk score;

bChild and family related lifetime events;

c .
Mean p-value across imputed datasets = 0.01, SD = 0.01;

dMean p =0.004, SD = 0.01.

Psychoneuroendocrinology. Author manuscript; available in PMC 2011 July 1.

Page 24



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Cutuli et al. Page 25

Table 6

Parameter estimates (standard errors) for linear mixed model predicting cortisol response to session.

Full Model Without Without Lifetime
Socioeconomic Risk Events
Term Estimate (Std Error)  Estimate (Std Error) Estimate (Std Error)
Unconditional Intercept —0.51 (.69) —.36 (.68) —-0.30 (.71)
Unconditional Slope —-0.09 (.88) —-0.15 (.86) —0.34 (.90)
Fixed Effects, Intercept Estimates
Age 0.00 (.10) 0.00 (.10) ~0.00 (.11)
Sex 0.08 (.14) 0.07 (.14) 0.01 (.14)
Time of Session —0.13 (.03) " -0.13 (.03) ™ -0.13 (.03) ™™
Socioeconomic Risk 0.06 (.06) -- 0.05 (.06)
Lifetime Events 0.07 (.03) * 0.07 (.03) * --
Fixed Effects, Slope Estimates
Age 0.03 (.13) 0.03 (.13) 0.04 (.14)
Sex -0.10 (.18) ~0.09 (.17) ~0.02 (.18)
Time of Session 0.01 (.04) 0.01 (.04) 0.00 (.04)
Socioeconomic Risk —0.02 (.08) -- —0.01 (.08)
Lifetime Events -0.09 (.04) ~0.09 (.04) -
Random Effect Estimates
Intercept 0.21 (.05) ™" 0.21 (.05) " 0.23 (.05)
Slope 0.32 (.08) *** 0.32 (.08) *** 0.35 (.09)
Intercept™Slope ~0.08 (.05) -0.08 (.05) -0.10 (.05)
Residual 0.06 (.01)™™** 0.06 (.01)** 0.06 (.01)"*
*
p <.05;
—
p <.001
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