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The relationship between diurnal cortisol slope and cognitive development among children

maltreated as infants

Abstract

Little is known about the role of hypothalamic-pituitary-adrenal (HPA) axis functioning for
children’s cognitive development, especially among vulnerable groups. The current study explores the
relationship between diurnal cortisol slope and cognitive outcomes among children at the ages of 5 and 6
who have been maltreated as infants and involved with child protective services, using data from the
National Survey of Child and Adolescent Well-Being (NSCAW) I (N=158). Multiple regression analyses
showed that a greater decline in salivary cortisol from morning to evening was positively associated with
scores on applied problems and expressive communication, even after adjustment for confounding. It was
also associated with lower odds of cognitive disability. There were null associations with letter-word
identification, passage comprehension, auditory comprehension, matrices, and vocabulary. Results suggest

that children involved with child protective services as infants, and thus exposed early to likely ‘toxic’
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levels of stressors, may face dysregulation of the HPA axis and particular difficulties in some aspects of

cognitive function. Potential explanations and implications for policy are discussed.
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I. Introduction

Healthy development in the first years of life, a period of extreme vulnerability, is heavily
dependent on sensitive and responsive care from a primary caregiver (Lucas & Richter, 2018).
Maltreatment as well as the long-term absence of high-quality care in the early years can act as ‘toxic’ stress
that raises the risk for later depression, anxiety, post-traumatic stress symptoms, eating disorders, substance
abuse, and other chronic conditions (Doom et al., 2014). Past research has shown that these adverse
outcomes may occur via disrupting the function of the hypothalamic-pituitary-adrenal (HPA) axis, a major
neuroendocrine system that regulates reactions to stress and other important physical functions (Herman et
al., 2016). The present study aimed to observe whether differences in HPA axis functioning were associated
with meaningful differences in cognitive functioning among young children who had been maltreated as
infants. To date, the existing research on this topic has mostly highlighted the role of HPA axis functioning
in the association between toxic stress and cognitive functioning among adults (Suor et al., 2015). Such

research is yet to be thoroughly conducted with young children, particularly those with experiences of



maltreatment and/or neglect, who have been known to be at great risk of cognitive difficulties. This study
was carried out to fill this gap and aimed to understand whether and how different domains of cognitive
development in childhood are associated with the diurnal cortisol slopes of children who had been

maltreated as infants.

1. The role of maltreatment in HPA axis functioning

The HPA axis is the main part of the stress-response system, and impacts neural activity and the
development of brain structures. Functioning of the HPA axis and patterns of its end product, cortisol, have
been found to be disrupted for children who experienced adversity because the functioning of the HPA axis
is vulnerable to dysregulation during conditions of acute stress, such as neglect and abuse. To illustrate,
children who have experienced maltreatment show progressively lower levels of morning cortisol over the
ages of 19, 26, and 38 months (Cicchetti et al., 2011). Lower basal levels of cortisol have also been reported
among children in institutions caring for those with an experience of neglect or abuse (Lupien et al., 2009).
When early adversity becomes long-term, as is typically experienced by children involved with child
protective services, it produces the type of chronic stress that the HPA axis is not accustomed to manage
(Reilly & Gunnar, 2019). The HPA axis of children is highly susceptible to dysregulation particularly in
the early years, a time when they are entirely dependent on external support to regulate physical and
emotional stress (Fisher et al., 2007). Overall, accumulating evidence has indicated that children who have
experienced chronic and toxic levels of stress are at risk for structural and functional alterations of the brain,
mainly in the brain regions of the hippocampus, prefrontal cortex, and amygdala, through the release of

glucocorticoids, such as cortisol, and HPA axis hyperactivity (Wesarg et al., 2020).

HPA axis functioning has generally been measured by the hormone cortisol (Herman et al., 2016).
Typically, cortisol shows a distinct diurnal pattern throughout the day. Cortisol levels are highest in the
morning, peaking about 30 minutes after wake-up. Cortisol then decreases throughout the day until it

reaches a nadir near bedtime (Hirotsu et al., 2015). However, cortisol patterns fluctuate greatly. In general,



cortisol patterns are established during early infancy (Groschl et al., 2003), but definitive reference values
for salivary cortisol in healthy children have just begun to be established (Groschl et al., 2003). Although
fluctuations in cortisol values continue to occur among children, the use of salivary cortisol is a useful and
non-invasive method for measuring toxic stress and understanding its role in children’s developmental

outcomes.

In the early years, toxic stress is typically examined by family risk theories (Cowan & Cowan,
2002; Fox et al., 2002), which increasingly focus on the role of biological mechanisms as mediators. For
example, allostasis and allostatic load (McEwen, 1998) provide a helpful lens to guide examination of how
biological mechanisms of the stress-response system may mediate the negative effects of child and family-
related adversity on health and developmental outcomes. A key concept, allostasis, represents the
achievement of stability via physiological changes (e.g., in catecholamines, glucocorticoids, inflammatory
cytokines) of the stress-response system (McEwen & Wingfield, 2003; Wesarg et al., 2020). Such
physiological changes are temporarily adaptive for the individual, because they provide the necessary
strength to deal with the stressful event. However, repetitive and continuous chronic stressors result in
exhaustion of the response system, what is usually termed ‘allostatic overload’. When allostatic overload
ensues, dysfunctions and pathologies in the functioning of several physiological systems are likely to occur.
In the context of child maltreatment, such a proximal family stressor may critically compromise the healthy
development of children’s stress-response systems as they are forced to adjust to chronically stressful and
unsafe environments (Repetti et al., 2002). In the recent years, studies have indeed linked early exposure to
serious family stressors and children’s poor mental and physical health through aberrant HPA axis

functioning and cortisol activity (Repetti et al., 2011).

2. The role of HPA axis functioning in cognition

Through alterations in critical brain structures and functions, early adversity and stress exposure

have been associated with changes in the underlying cognitive processes related to the hippocampus,



prefrontal cortex, and amygdala brain regions (Raymond et al., 2018; Tottenham & Sheridan, 2009). These
areas are a critical target for stress hormones, and consequently may be crucial for a normally functioning
HPA axis (Sandstrom et al., 2011). In adults for example, there is increasing evidence that chronic activation
of the HPA axis is related to cognitive dysfunction (Keller et al., 2016). Among children, an inverted U-
shape relationship has been found between cognitive functioning and glucocorticoids, such that typical
amounts of cortisol appear to facilitate learning experiences and support the progress of cognitive abilities.
However, chronically low or high levels of glucocorticoids are associated with impairment in several

domains of cognition such as memory, attention, and spatial learning (Suor et al., 2015).

Thus, aberrant HPA axis functioning may mediate the association between maltreatment (and
toxic stress in general) and poor cognitive outcomes in children. Family risk factors such as family
instability (e.g., Vernon-Feagons et al., 2012), unsupportive and harsh parenting (e.g., Linver et al., 2002)
and exposure to interpartner violence (e.g., Margolin & Gordis, 2004) have indeed been associated with
difficulties in children’s cognitive functioning. However, very little is known about the underlying
biological mechanisms between family adversity and children’s cognitive functioning (Suor et al., 2015).
As discussed, chronic and toxic levels of stress induce steady levels of cortisol that may ensue in functional
and structural alterations to the brain, compromising cognitive functioning (e.g., Suor et al., 2015). Such
alterations may be of particular concern if they occur in childhood, a period of rapid change in cognitive

capacities and abilities, due to the development of prefrontal and hippocampal brain regions (Hodel, 2018).

The current literature contends that knowledge on how exposure to early maltreatment affects
young children’s HPA axis functioning and cognitive functioning is still limited (Wesarg et al, 2020). While
there is evidence that both HPA axis functioning and cognitive functioning can be disrupted by adversity
(e.g., Edalati & Krank, 2016; Juruena et al., 2020), less is known about how the three processes associate
with each other and shape developmental pathways. However, a better understanding of developmental

pathways from early adversity to later outcomes is needed. Recent research has proposed a meaningful



relationship between adversity-related HPA axis functioning changes and brain development, which then
affects cognitive functioning (Raymond et al., 2018). Given that the importance of cognitive functioning
amplifies in later development, an enhanced understanding of adversity-related processes in the first years

of life is needed.

3. The present study

The present study aims to fill this gap by investigating the association between cognitive
functioning and diurnal cortisol slope among 5-to 6-year-old children who were maltreated as infants, using
data from the National Survey of Child and Adolescent Well-Being (NSCAW) I, which traces children
involved with Child Protective Services (CPS). The diurnal cortisol slope is the linear degree of change in
cortisol levels across the day, from morning to evening. A steeper decline is typically associated with better
psychosocial and physical health (Adam & Kumari, 2009). Investigating this association in CPS-involved
children is very important for two reasons. First, findings about maltreatment-related cortisol patterns in
adults are not directly applicable to children. For example, the experience of child maltreatment is
associated with blunting of HPA activity in adults but not always in children, suggesting that habituation
of the stress response and hypocortisolism may begin in late adolescence and into adulthood (Doom et al.,
2014). As such, research with children, particularly those in high-risk environments, is needed to understand
the mechanisms underlying the link between HPA axis functioning and developmental outcomes. Second,
the knowledge produced could help build targeted interventions to promote the academic outcomes of
children who have experienced maltreatment, a group at very high risk for difficulties at school. To illustrate,
the prevalence of language and cognitive delays among children in foster care has been reported to be 57%

and 33% respectively, compared to 4% to 10% in the general population (Fry et al., 2017).

The cognitive outcomes we examined in this study are broad measures of executive function,
language and memory, representing the type of cognitive functioning most related to areas of the brain that

are heavily affected by increased levels of glucocorticoids during stressful situations, such as the



hippocampus, prefrontal cortex, and amygdala (Llorens et al., 2022). There is indeed growing evidence that
children exposed to maltreatment experience difficulty in tasks that require memory (Wunsch et al., 2019),
executive functioning, selective attention (Raymond et al., 2018), verbal and visual working memory (Bos
et al., 2009), and inhibitory control (Pollak et al., 2010). The primary research question of this study was to
investigate what relationships exist between diurnal cortisol slope and these different domains of cognitive
development among children maltreated as infants. We hypothesized that performance on assessments that
require greater cognitive and memory load would be more strongly associated with diurnal cortisol slope.
Performance on cognitive tasks that required the aforementioned abilities (e.g., memory, executive
functioning, selective attention) to a varying degree was therefore examined as the main measures of
interest. Thus, our study is an important addition to the current research because although the link from
early maltreatment to difficulties in cognitive functioning via dysregulation of the HPA axis is probable

(Raymond et al., 2018)), it is still relatively unexplored in the early childhood population.

II. Methods

1. Study sample

The NSCAW is a national longitudinal study on the well-being of 5,501 children aged 14 years or
younger in the United States who had contact with CPS within a 15-month period starting in October 1999.
For the ‘cortisol study’ of NSCAW (at Wave 5), 1,186 children met the eligibility criteria of having been 5
or 6 years old at Wave 5 and infants when they were first investigated by CPS for maltreatment. The current
study only uses data from Wave 5, which has been collected in 2006. Of these 1,186 children, 440 were
selected for salivary cortisol sample collection, and 293 families agreed to collect the samples. Of those
293 families, 187 returned at least one saliva sample. This sample was further reduced to 158 children, as
children who had missing information on either the wake or the bed time values (required for calculating

diurnal slope) were also excluded. The analysis sample therefore included 158 children, aged 5 and 6 years



old (M=5.26, SD=.44) at the time of cortisol collection (Wave 5). A total of 44.9% were male, 46.2% White,

35.4% Black, 8.2% American Indian, 2.5% Asian/Hawaiian/Pacific Islander, and 7.6% some other race.

2. Procedure

The NSCAW study follows all children investigated for maltreatment during the sampling period.
Data was collected from a maximum of five possible respondents: the child, caregiver, caseworker, teacher,
and former caregiver. Depending on the out-of-home status and age of the child, respondents were
administered different interviews. For data collection, NSCAW field representatives mailed information
brochures and letters to obtain consent and cooperation for the interview. For children under the age of
seven, the child’s legal guardian gave signed consent, and children between the ages of seven and fourteen
were asked for their assent to interview. More information on the data collection procedures can be found

in Dowd et al., 2008.

The ‘cortisol study’ sits within the larger NSCAW study, and has been conducted with a subset of
the NSCAW sample at Wave 5, as explained. A number of precautions have been taken to ensure the
reliability of the saliva sample collection. For example, a recent study (Wesarg et al., 2022) that investigated
the reliability of cortisol measurement found that cortisol samples collected between 30 and 80 minutes
after awakening and shortly before going to bed were considered a reliable collection of cortisol samples
among young children. The salivary cortisol collection procedures in our study follow these reliability
protocols. Moreover, caregivers were trained to take saliva samples from their children by NSCAW field

representatives.

The High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit was used for sample collection
on three consecutive, typical weekdays (Salimetrics, State College, PA). All saliva samples from each child
were included in the same assay batch to minimize within-subject variability. The saliva samples were
assayed and averaged by the NSCAW team. Any duplicates varying by more than 15% were assayed again.

The intra-assay coefficient of variance and the inter-assay coefficient of variance were 2% and 9%,



respectively. To control for differences in substance use and collection procedures (both of which may
influence cortisol levels), caregivers completed a brief questionnaire about their children’s use of
medication and sampling times on each of the sampling days. The questionnaires were inspected to ensure
compliance with salivary cortisol collection guidelines. Saliva samples that failed to comply were excluded
from analyses. Salivation was stimulated by chewing the Trident Original sugarless gum, which has been
found to not affect cortisol levels by previous research (Schultheiss, 2013). After stimulation of saliva,
salivettes were placed in the children’s mouths to be saturated. Once saturated, the salivettes were placed
in prelabeled plastic vials. Caregivers were then instructed to refrigerate the saliva samples until they were
shipped to the laboratory. Previous research has found that cortisol levels are not influenced by the mailing

processes (Kirschbaum & Hellhammer, 1989). The saliva samples were stored at -5-F until examined.

3. Measures

1) Diurnal cortisol slope

Diurnal cortisol slope was calculated by subtracting values of cortisol in the evening (30 minutes
before going to bed but before brushing teeth; mean time 8:30 p.m.) from values in the morning (30 minutes
after wakeup but before eating breakfast; mean time 7:31 a.m.), and dividing this by the number of hours
separating the two samples. This approach appropriately adjusts for variations in the total time awake, and

hence the total number of hours over which cortisol has the opportunity to decline.

2) Cognitive functioning

The present study uses scores on seven assessments to measure cognitive functioning: auditory
comprehension and expressive communication within the Preschool Language Scale-3 assessment (PLS-3;
Zimmerman et al., 1992), letter-word identification, comprehension, and applied problems within the Mini-
Battery of Achievement assessment (M-BA; Woodcock et al., 1994), and vocabulary and matrices within
the Kaufman Brief Intelligence Test (K-BIT; Kaufman & Kaufman, 1990). It also used a dichotomized

measure of whether or not the child is diagnosed with a cognitive disability. All assessments have been age-



standardized by the NSCAW team. PLS-3 measures prelinguistic skills such as attention, vocal
development, and social communication, and language skills such as syntax, morphology, vocabulary, and
concept development, measured via the expressive communication scale and the auditory comprehension
scale. The auditory comprehension scale requires children to respond to verbal questions of increasing
complexity by a motor response such as pointing or nodding, revealing the child’s perception of language.
The expressive communication scale requires children to express themselves verbally and evaluates the
child’s semantics, vocabulary, integrative thinking skills, and syntax. The M-BA test measures children’s
reading and math skills, through the letter-word identification, passage comprehension, and applied
problems tests (Coohey et al., 2011). The letter-word identification test assesses the child’s ability to read
letters and words. The passage comprehension test assesses the child’s ability to understand written text.
Last of the three, the applied problems test assesses the child’s ability to listen to a math problem and carry
out the appropriate calculations. K-BIT is a brief, individually administered measure of verbal and
nonverbal intelligence composed of two subtests, vocabulary and matrices, thus allowing the assessment of
verbal-nonverbal ability discrepancies. The vocabulary test assesses knowledge of vocabulary and verbal
concepts through verbal responses. The matrices test assesses non-verbal intelligence by using visual
stimuli to ask children problem-solving questions. Finally, the cognitive disability measure is a
dichotomous variable deposited by NSCAW. Children with scores less than 70 on either the K-BIT or the

PLS-3 were coded as having a cognitive disability.

3. Confounding variables

The confounding variables for this study were child’s gender (1=male and 2=female), race/ethnicity
(0= Non-White and 1=White), age in months at entry into the study, number of out-of-home placements (0=
1 or fewer and 1= 2 or more), and severe abuse (0= No and 1=Yes). Age at entry into the study was derived
using two existing variables: investigation close date (the CPS investigation that qualified the child to be in

the NSCAW study) and child’s date of birth.



4. Data analysis

Prior to the main data analysis, descriptive statistics summarizing the characteristics of the sample
and a correlation analysis of the study variables with diurnal slope were carried out first. Next, to answer
the main research question of whether there were significant associations between children’s diurnal
cortisol slopes and domains of cognitive functioning, adjusted and unadjusted linear and logistic regression
analyses using multiple imputation to handle missing data were used. Multiple imputation predicts missing
data based on the other known variables available on the same child. After several repetitions of this
procedure, the standard errors and estimates of the resulting multiply imputed datasets are pooled into one
overall dataset. The main advantages of multiple imputation over conventional methods for dealing with
missing data such as listwise deletion, are that greater sample size and statistical power is preserved, correct
standard errors are produced in consideration of missing data uncertainty, and unbiased results are given
when data are missing at random (MAR) (de Goeij et al., 2013; Van Ginkel et al., 2020). Although multiple
imputation may not be appropriate in certain scenarios where large numbers of variables are missing or
when data is not missing at random (NMAR), this is not the case for the current study. We have therefore
made the informed decision to use multiple imputation, given that our data meets the prerequisites for
appropriate use of this method. Because only a small subsample of children was included, the weighted
data and complex survey design typically used in analyses involving the NSCAW sample were not

appropriate and so all analyses were conducted with unweighted data (Dowd et al., 2008).

II1. Results

The descriptive statistics of the study variables can be found in Table 1 and 2 below. As expected,
the study sample represents a high-risk group, with near a third of children having experienced severe abuse
(32.3%) and at least two out-of-home placements (29.7%). The study sample had a mean age of 5.26 years
(SD=.44) and was composed of slightly more girls (55.1%) than boys (44.9%). Children were between the

ages of 0 to 13 months (M=7.25, SD=3.15) when they first entered the larger NSCAW study, which affirms



that our study sample was exposed to maltreatment during infancy. Relatively few children had a diagnosis

of cognitive disability (12.7%).

(Insert Table 1)

(Insert Table 2)

Table 3 below shows the correlation analysis between the variables included in the study. As Table 3 shows,
steeper diurnal slopes, more likely in females (-.16, p<.05) and those without a cognitive disability (-.23,
p<.01), were associated with better performance in applied problems (-.17, p<.05), expressive

communication (-.20, p<.05) and letter-word identification (-.16, p<.05).

(Insert Table 3)

The effects of diurnal cortisol slope on each of the measures of cognitive functioning are shown in
Table 4 in both adjusted and unadjusted regression models. As can be seen, in the model without any
confounders, a greater cortisol decline was positively related to scores on applied problems (f = — 0.17,
p<.05), expressive communication (f = — 0.17, p<.05) and letter-word identification (f = — 0.16, p<.05),
and was related to lower odds of having a cognitive disability (B=-35.86, SE=12.91, p<.01). In adjusted
models, diurnal cortisol slope was related only to applied problems (B = — 0.18, p<.05), expressive

communication (B = — 0.16, p<.05), and cognitive disability (B=-35.35, SE=13.56, p<.01).

(Insert Table 4)

IV. Discussion

The goal of the present study was to explore the cross-sectional association between diurnal cortisol
slope and cognitive development at ages 5 and 6 years among children maltreated and investigated by Child
Protective Services (CPS) as infants. Our results showed some associations but also evidence for significant

outcome specificity. We found that after adjusting for key individual and care characteristics, a greater



cortisol level decline from morning to evening was positively associated with scores on applied problems
and expressive communication, and lower odds of cognitive disability. Its effect on letter-word
identification was only significant before adjustment. Scores on passage comprehension, auditory
comprehension, matrices, and vocabulary tests were not significantly associated with diurnal cortisol slope

even before adjustment.

The reasons for this outcome specificity are unclear but we could speculate about a role of HPA
axis functioning in working memory in the developing brain. Working memory is an important cognitive
function that, in adults, is particularly affected by stress. Such a link has been less well-explored in children,
but our study suggests, alongside other recent research (Wunsch et al., 2019), that it may exist in children
too. In our sample we only observed an effect in the cognitive domains of applied problems and expressive
communication, both heavily reliant on working memory, which, as a prefrontal-cortex-dependent
executive resource, can be deleteriously impacted by stress (Lupien et al., 1999; Otto et al., 2013; Qin et
al., 2009; Schoofs et al., 2009). In the present study, the expressive communication test examined the child’s
ability to express him- or herself verbally. Verbal working memory, the capacity to retain and manipulate
information over temporary periods to conduct an immediate oral response, is required for this ability
(Smith et al., 1998). Verbal working memory is related to receptive and expressive skills, the acquisition
of new vocabulary, and the coherence and complexity of speech production (Evans & Saffran, 2009). On
the other hand, the applied problems scale required children to solve mathematical word problems in
response to orally presented problems. To solve each problem, the child is required to listen to it and
understand it, decide on the procedure to be followed, and then perform calculations. Because many of the
problems include extraneous information, the child needs to also determine what information is relevant
and needed. All these processes involve working memory, requiring children to temporarily store new
information (temporary storage), ignore irrelevant information (executive functioning, inhibition), and

decide which mathematical operations should be used to solve the problem (high processing demands).



In contrast, performance on the vocabulary, matrices, letter-word identification, auditory
comprehension, and passage comprehension tests may not require as large working memory capacity or be
as heavily reliant on active processing, an important dimension according to the continuity model of
working memory by Cornoldi and Vecchi (2003). This asserts the existence of two dimensions. The
horizontal continuum refers to the various characteristic domains (e.g., verbal, visual, and spatial), and the
vertical continuum refers to a distinction between passive storage (which requires recalling information in
the previously presented format) and active processing (which requires integrating and revising previous
information). The tests showing null associations in our study with diurnal cortisol slope require passive
storage of working memory, with relatively fewer demands on active processing. For example, the
vocabulary test requires children to retrieve stored information of words that they know. The matrices test
again requires minimal processing and storage, and the letter-word identification test mainly requires
phonological awareness. Although some capacity of working memory may be required when retrieving
phonological information from the mental lexicon (i.e., the store of word knowledge) and decoding sounds,
the task is still a single-step that does not require high-levels of active processing. Finally, the auditory and
passage comprehension tests, both testing receptive language skills, also require storage primarily.
Compared to expressive communication, these skills may be less demanding on processing activity and

reflective thinking.

These null associations however should not compromise the novelty and importance of this study.
Much of the research to date on the association between HPA axis functioning and cognitive functioning is
with disadvantaged groups (predominantly in chronic poverty) in adulthood, with findings about the
association in children lacking consistency (Bernard et al., 2015; Blair et al., 2005; Blair et al., 2011; Lupien
et al., 2011). In addition, while the existing evidence asserts that experiences of child maltreatment are
critical risk factors for psychopathology, our understanding of the psychobiological mechanisms that
underlie this relationship is currently limited, and the relationship between specific risk factors early in life

and later HPA axis dysfunction is not clearly established during the first five years of life (Wesarg et al.,



2020). Still, there is adequate research evidence to conclude that early childhood is a critical developmental
period when the HPA axis is at risk of being dysregulated when exposed to certain stressful experiences.
Recent research suggests that toxic and chronic stressful experiences may act as a fundamental mechanism
connecting experiences of early maltreatment to later cognitive difficulties (Blair & Raver, 2012; Raymond

et al., 2018), and on this we built the rationale for our study.

As for the mechanism we proposed (aberrant HPA axis functioning), this is in line with findings
from neurobiological research which asserts that glucocorticoids, the primary component of stress-response
systems, affect the structural and neural development of the brain. To illustrate, the brain regions that are
concentrated with glucocorticoid receptors such as the hippocampus, prefrontal cortex, and amygdala have
been found to experience alterations in structure and function after adverse experiences (Lupien et al., 2009;
McCrory et al., 2010; Raymond et al., 2018). In turn, evidence also demonstrates that the prefrontal cortex
is an important part of the regulation of behavior, emotion, and cognition (Miller & Cohen, 2001; Ochsner
& Gross, 2005). Overall, there is evidence to support the proposition that early experiences of adversity

may place children’s cognitive development at risk via mechanisms related to HPA axis functioning.

Our study also has some limitations that should be recognized. First, cortisol levels were
concurrently measured with children’s cognitive skills. A more robust study design would assess cortisol
before and after the experience of the negative life event. This, however, was not possible as the present
study used secondary data and cortisol data was only collected once at Wave 5. Despite this limitation, the
children in the sample had been investigated by CPS as infants, indicating that they were at risk of abuse
and/or neglect during infancy (US DHHS, 2009). As such, a flattened diurnal cortisol slope in our study
can be understood as a marker of exposure to stressors occurring before cognitive functioning was tested.
Carefully administered longitudinal studies examining the relationship between cortisol rhythm, chronic
and early adversity, and resilient paths of development in high-risk groups of children will be very valuable.

Second, our group may be too heterogeneous as it includes both substantiated and unsubstantiated CPS



cases. However, past research has found that unsubstantiated reports pose the same risk for negative
outcomes (Holbrook & Hudziak, 2020). Lastly, the lack of investigation of prenatal factors is a limitation
of the study, as the existing evidence suggests that the development and functioning of the HPA axis can
be affected by many types of extraneous factors, including intrauterine exposure to drugs and alcohol
(Beijers et al., 2014; Kapoor et al., 2008), maternal mental conditions such as depression (Barker et al.,
2013), and stress and trauma (King & Laplante, 2005). Children involved in CPS investigations, our sample,
may have been exposed prenatally to ‘toxic’ stressors such as these, which have been found to co-occur
with child maltreatment (Smith et al., 2007; Seay, 2015). Also related to controlling for variables which
may confound the results, the dichotomization of the severe abuse measure is not ideal, as it leads to loss
of information as well as the risk that confounding remains (Altman & Royston, 2006). Given these

limitations, causal assumptions or conclusions are not possible.

In conclusion, the present study suggests that children with maltreatment exposure as infants may
have experienced HPA axis dysregulation and impairment in cognitive development, particularly in
domains related to working memory, at age 5. It also builds the evidence on the developmental outcomes
of an important and substantial group of children in the field of child welfare research, those involved with
child protective services very early in life. Recent reports of child victims’ demographics, for example,
document that the youngest children are the most susceptible and vulnerable to maltreatment, with those
under the age of one suffering the highest rate of victimization compared to any other age group in the
United States (25.1 per 1,000 children; U.S. Department of Health & Human Services et al., 2022). Future
research should investigate the associations between stress hormones and different aspects of early
cognitive development, including working memory, among CPS-involved children as well as among other
high-risk child populations, with the aim of informing intervention strategies. There is some empirical
evidence, for example, that children’s cortisol levels have successfully been ‘normalized’ after parenting
interventions, whereby children in the treatment group mirrored cortisol levels of a low-risk comparison

group post treatment (Bernard et al., 2015; Cicchetti et al., 2011; Dozier et al., 2006). Such results have



been demonstrated among children between birth and aged five in foster care (Dozier et al., 2006), neglected
(Bernard et al., 2015), and maltreated (Cicchetti et al., 2011) populations. Findings from such interventions
have substantial implications about the malleability of developmental trajectories. For instance,
interventions for high-risk infants that aim to normalize HPA functioning by aiding children’s capacities to
appropriately perceive threat and regulate their neurobiological systems to avoid hypersensitivity to
stressful experiences could be very effective (Cicchetti & Rogosch, 2007). Future research should also
consider tracking the development of cognitive functioning of maltreated children over time and testing
whether and, if so, how HPA axis functioning has a role to play in it. This knowledge can then contribute
towards an empirical base which informs the design of interventions that alleviate the adverse effects of

early maltreatment.
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Table 1. Descriptive statistics of categorical study variables

Variable Category N Percent
Male 71 44.9
- Female 87 55.1
Total 158 100.0
5 years 117 74.1
Age 6 years 41 259
Total 158 100.0

*Age Mean(SD) = 5.26(.44)

American Indian 13 8.2
Race/Ethnicity  Asian/Hawaiian/Pacific 4 2.5
Islander

Black 56 354




White 73 46.2

Other 12 7.6
Total 158 100.0

Number of out-of- 2 or more 47 29.7
home placements 1 or fewer 111 70.3
Total 158 100.0

Severe abuse Yes >1 323
No 107 67.7
Total 158 100.0

.l I Yes 20 12.7
Cognitive disability No 138 273
Total 158 100.0

Table 2. Descriptive statistics of continuous study variables

Variable Category N Mean(SD) Min, Max
Age at study 138 7.25(3.15) 0,13
entry (in
months)
Diurnal 158 -.03(.02) -.09, .03
slope
K-BIT®
Vocabulary 157 94.08(13.14) 55,121
Matrices 158 95.24(14.08) 40, 160
PLS-3Y
Auditory 115 97.79(19.10) 50, 126
Comprehension
Expressive 115 95.91(21.54) 50, 124

Communication




M-BA¢

Letter Word 158 102.90(13.79) 57, 142
Identification

Passage 158 98.75(13.17) 62, 132
Comprehension

Applied Problems 158 93.03(16.98) 29, 130

a. K-BIT- Kaufman Brief Intelligence Test, b. PLS-3- Preschool Language Scale-3, ¢. M-BA- Mini-Battery of
Achievement



Table 3. Correlations between the study variables

Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Diurnal slope - - - - - - - - - - - - - - -
2. 2 or more placements -.01 - - - - - - - - - - - - - -
3. Age at study entry .10 =27k - - - - - - - - - - - - -
4. Age at cortisol (and .03 S28%xx D% - - - - - - - - - - - R
cognitive measures)
collection
5. White .05 -.10 .07 .09k - - R R - - - - - - -
6. Female -.16* -.08 .05 -.01 .001 - - - - - - - - - -
7. Severe abuse -.06 -.09 -21* =22%k LD wE .06 - - - - - - - - -
8. No cognitive disability = -.23%** .06 .07 2wk Q7% - 006 -.06 - - - - - - - -
9. Vocabulary? -.003 12 .001 .03 20k - 04% - 18% 50 - - - - - - -
10. Matrices? -.11 .05 -.12 A3k Qs -.01 .003 Sk 5 ek - - - - - -
11. Auditory -11 .09 .05 .01 20k .05 -.09 SGrdsk o STk QDo - - - - -
Comprehension®
12. Expressive -.20%* 15 .08 .06 .09 .06 -.08 60 HE Sk sk ] dokek - - - -
Communication®
13. Letter-Word -.16* .16* .01 =09k Q5%* .03 -.12 A3k Gk STk ARk BTk - - -
Identification®
14. Passage -.06 15 =10 23w Q4 .02 -.01 AQuksk STk Sk 3ok Sk T Rokekok - -
Comprehension®
15. Applied Problems¢ - 17 .07 -.02 Qs QG -.02 - 19% 48wk Sk S5k Sk Sk GGk 3ok -




a. K-BIT- Kaufman Brief Intelligence Test, b. PLS-3- Preschool Language Scale-3, c. M-BA- Mini-Battery of Achievement
*p <0.05

**p <0.01

**xp < 0.001



Table 4. Regression analyses (after multiple imputation)

Unadjusted Model Adjusted Model
Dependent Independent B S.E. Beta t B S.E. Beta t
Variable Variables
Diurnal slope -2.31 48.80 -.003 -0.039 -12.56 47.19 -0.02 -0.29
Female 0.17  2.06 0.01 0.12%
Vocabulary» 2 or more 1.13  0.67 0.15 1.84
placements
Age at study 0.08 0.22 0.03 0.43
entry
White 571 211 0.23 2.88
Severe abuse -7.28  2.30 -0.25  -3.13%*
B S.E. Beta t B S.E. Beta t
Diurnal slope -74.18 5448 -11 -1.36 -83.60 55.78 -0.12 -1.45
Female -1.25 242 -0.04 -0.48
2 or more 0.34 0.77 0.03 0.40
Matrices® placements
Age at study -0.23 025 -0.11 -1.32
entry
White 428 249 0.14 1.68
Severe abuse -0.95 2.69 -0.03 -0.38
B S.E. Beta t B S.E. Beta t
Diurnal slope -91.16 80.50 -0.06 -0.70 -74.34 79.20 -0.04 -0.55
Female 6.54 3.03 0.16 1.96
) 2 or more 1.35 1.02 0.08 0.98
Auditory
Comprehension® plaggielly
Age at study 0.39 0.33 0.04 0.48
entry
White 726 3.28 0.15 1.88
Severe abuse -4.47 333 -0.12 -1.40
B S.E. Beta t B S.E. Beta t
Diurnal slope -177.24 78.80 -0.17 -2.09* -159.25 78.30 -0.16 -2.03*
Female 5.58  3.58 0.08 1.05
Expressive
Communication® 2 or more 1.28 1.15 0.06 0.72
placements
Age at study 0.46 034 0.08 0.95
entry
White -0.64 3.52 -0.002 -0.02
Severe abuse -7.77 398 -0.17 -2.06*
Letter- B S.E. Beta t B S.E. Beta t




Word Identification® Diurnal slope -100.26 50.40 -0.16 -1.99* -91.96 5042 -0.14 -1.83
Female 335 219 0.12 1.53
2 or more 0.32  0.70 0.05 0.57
placements
Age at study -0.05 0.21 0.02 0.29
entry
White -3.46 225 -0.13 -1.58
Severe abuse -6.82 244  -0.23 -2.74%*
B S.E. Beta t B S.E. Beta t
Diurnal slope -34.45 48.67 -0.057 -0.71 -29.06 49.81 -0.39 -0.48
Female 232 2.16 0.09 1.15
Passage 2 or more 023 0.69 0.03 0.31
Comprehensions  placements
Age at study -0.29 0.23 -0.14 -1.66
entry
White -1.99 222  -0.08 -0.98
Severe abuse -3.71 240  -0.13 -1.56
B S.E. Beta t B S.E. Beta t
Diurnal slope -135.54 6191 -0.17 -2.19* -144.21 61.64 -0.18 -2.28%
Female 1.79  2.67 0.06 0.74
Applied Problems: 2 or more -0.38  0.86 -0.04 -0.52
placements
Age at study -0.35 028  -0.15 -1.89
entry
White 568 274 0.16 2.02%
Severe abuse -6.57 297 -0.19 -2.28*
B S.E. Wald Exp(B) B S.E. Wald Exp(B)
Diurnal slope -35.86 1291 7.72 0.00** -3535 13.56 6.80 0.00%*
Female 0.68 0.53 1.63 1.98
No cognitive 2 or more 0.47 0.61 0.60 1.60
disability placements
Age at study 0.05  0.07 0.43 1.05
entry
White 031 0.54 0.32 1.36
Severe abuse -0.61  0.55 1.22 0.55

a. K-BIT- Kaufman Brief Intelligence Test, b. PLS-3- Preschool Language Scale-3, c. M-BA- Mini-Battery of

Achievement
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Highlights

e Exposure to toxic stressors contribute to HPA axis dysregulation risk.
e HPA axis dysregulation may be related to working memory capacities.
e Early maltreatment is related to future impaired cognitive functioning.



