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Abstract

Childhood poverty is hypothesized to increase flesknental and physical health
problems at least in part through dysregulatiothefhypothalamic-pituitary-adrenal axis.
However, less is known about the specific psychasstressors associated with cortisol
reactivity and regulation for children living in perty. The current study investigates negative
life events, household chaos, and family conflicpreschool and middle childhood as potential
predictors of cortisol regulation in low-income @-ear olds (N = 242y1 age = 7.9 years).
Participants were assessed in preschool and patiéci in a follow-up assessment in middle
childhood, during which diurnal free cortisol amdd cortisol reactivity to the Trier Social Stress
Test for Children (TSST-C) were assessed. Houseti@ds during preschool predicted a more
blunted diurnal cortisol slope in middle childho@teater negative life events during preschool
and greater concurrent family conflict were asgedavith increased free cortisol reactivity in

middle childhood.
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Family Conflict, Chaos, and Negative Life Eventsdict Cortisol Activity in Low-Income

Children

Childhood poverty has been associated with incteestes of mental and physical health

problems throughout the lifespan (Repetti et &02). One of the hypothesized mediators

between childhood poverty and later health problenisrough dysregulation of the



hypothalamic-pituitary-adrenal (HPA) axis due teessors associated with living in poverty. The
HPA axis is a coordinator of physiological systdm$h under stress and at basal levels, a
critical regulator of development, and a mecharbgmwhich stress “gets under the skin” to
affect mental and physical health (Gunnar, Doonksfosito, 2015; Gunnar & Quevedo, 2007).
Childhood poverty has consistently been associatgddisruptions in the HPA axis (e.g., Evans
and Kim, 2007; Lupien et al., 2001), but theseifigd have been mixed, with low SES
associated with both higher (Evans & Kim, 2007; ilempet al., 2001; Vliegenthart et al., 2016)
and lower/blunted (Blair et al., 2013) basal coftlsvels. Studies of cortisol reactivity to stress
in relation to poverty are less common. Blair aotleagues (2005) have reported that a lower
income-to-needs ratio in 4- to 5-year olds was @ased with greater cortisol reactivity to a lab
assessment. In addition, children in the intenaemgiroup of a cash-transfer program in Mexico
showed lower salivary cortisol levels at ages 2&ry than those in the control group (Fernald &
Gunnar, 2009). Findings vary depending on childagessessment and exposure, perhaps
because many studies have not considered diffgnees of stress exposure among low-income
children. Childhood poverty encompasses a varietyress exposures and experiences,
including negative life events, family conflict andaos (Evans, 2004), and researchers must
understand which psychosocial stressors are nkety o disrupt different components of
stress-mediating systems to inform interventiomscholdren from low-income backgrounds.
Specificity of stressor type

The Allostatic Load Model (ALM) argues that chromixposure to heightened
neuroendocrine and neural responses to stressimegradually result in wear and tear on a
number of physiological systems, including the aEUPA, and cardiovascular systems, to

produce dysfunction in mental and physical doméihsEwen & Stellar, 1993). Although



cumulative risk models like the ALM are extremeBetul for understanding stressful
experiences more broadly and assessing the ol@rallof stress experienced (Evans, Li, &
Whipple, 2013), there is of course a loss of spatyfwhen trying to understand how certain
types of stressors individually affect the HPA aXiee HPA axis responds to a variety of
threats, including physical danger, disruptionaonial relationships, and threats to the social self
(Dickerson & Kemeny, 2004; Feng et al., 2011). aksehat are unpredictable, uncontrollable,
self-evaluative, and severe are typically the nposent for producing measurable stress
responses (Dickerson & Kemeny, 2004). Poverty tdfde HPA axis in significant but
heterogeneous ways, and it could be that vari@tiohe type and timing of stressors associated
with poverty impact cortisol production in diffetamays. This could be due to differences in the
severity and chronicity of the threat, the intetatien of the threat (e.g., whether it threaters th
social self), the age of the individual, and thaiebility of social buffers, among other factors.
Our current understanding of stress-mediating Byst&uggests that stress responses are
usually not highly correlated with one another (Bo& Gunnar, 2013). For example, HPA
responses are not typically highly correlated wiigasures of autonomic activity, and diurnal
cortisol production is not always related to catti®activity to stress (Doom & Gunnar, 2013).
In the HPA system, two types of receptors for softare utilized, with mineralocorticoid
receptors mediating basal genomic activity andatodicoid receptors mediating genomic
activity in response to stress (for review, seerau& Vazquez, 2006). Different aspects of the
environment likely affect different components oftgsol production, as basal cortisol and
cortisol reactivity are not always associated witlessors and problem behaviors in the same
manner (e.g., Alink et al., 2008; Tomiyama et20]2). Little is known about how stressors

jointly affect diurnal cortisol and cortisol reagty in children as few studies measure both basal



cortisol levels and cortisol reactivity. In addiidhe heterogeneity in stress responses has
challenged researchers to contemplate how and lehgttess system reacts uniquely to stressors
with different characteristics and how these respsrchange over time (Joéls & Baram, 2009).
In the context of poverty, household chaos, negdiig events, and family conflict could all
affect the HPA axis in different ways. For examiéenily conflict is likely interpreted, either
consciously or unconsciously, as a stressor thatéatening to both the child and family
stability. As a result, children exposed to fanaibnflict might be hyper-vigilant to social threats,
have more negative interpretations and emotiorzati@ns, and display a heightened autonomic
and HPA response when confronted with future sdbraats (Luecken et al., 2013; Miller et al.,
2011). On the other hand, chaos in the family negdnsciously or unconsciously interpreted
as an unpredictable and uncontrollable stressomdiunecessarily a severe stressor that would
threaten the child or the family. As a result, lehad chaos might not interfere with cortisol
reactivity to social stressors, but it may disrdiptrnal cortisol regulation if the child must
respond to multiple mild stressors throughout tag at if chaos disrupts daily routines that
typically help regulate children’s stress biolo@ugnar & Vazquez, 2001).

Many studies have examined social-contextual alatioeal stressors separately
(described below), but few have tested the unigse@ations of multiple stressors in the same
population. Importantly, no study to our knowledges examined the impact of multiple
stressors longitudinally on cortisol reactivéind diurnal cortisol regulation in children from
low-SES backgrounds. Filling this gap in the litara will help us to understand inconsistent
findings in the poverty and cortisol literature aplr future research on the role of specific
effects of stressors in development. Potentiabstnes that affect HPA regulation in children

from low-SES backgrounds are described below.



Negative life events. Children in low-income households have a high itl@bd of
experiencing negative life events (Evans, 2004pdsure to such events can trigger stress
responses, and over time, this may shape diffeseinadiurnal cortisol regulation and cortisol
reactivity from repeatedly responding to acute lyigtressful events. Negative life events are
different from more chronic stressors in that they discrete events that may negatively impact
the child and family but do not necessarily leadhomnic dysfunction. Lifetime trauma
exposure has been associated with increased lmsabltisol in children (Simmons et al.,
2016). In a population study of adolescents, adessrom 0-5 years were not associated with
cortisol reactivity but adversities from age 6-FEhgs were associated with higher cortisol
reactivity, indicating the importance of developratiming (Bosch et al., 2012). Although
there has been increased interest in effects @tivegife events on health, there is a significant
gap in the literature examining how negative INvems impact both basal cortisol and cortisol
reactivity in middle childhood.

Chaos. In addition to exposure to acute negative evenggenerally chaotic home
environment may affect cortisol regulation by cirega chronically unpredictable environment
that requires constant vigilance (Miller et al.12) hindering normative development of stress
regulatory systems in early childhood. Householabshdiffers from negative life events in that
it is less imminently threatening to the child andy instead be perceived as a chronic state of
unpredictability and uncontrollability, producingg§uent mild stressors rather than less frequent
severe stressors. Chen and colleagues (2010) edtbet children and adolescents from low
SES homes showed greater increases in diurnasabotutput across 2 years than children from
high SES homes, which was partially mediated byilfachaos. Likewise, Sturge-Apple and

colleagues (2016) reported higher family instapilit the context of poverty is associated with



greater morning basal cortisol levels in 2-yearafiddren. However, in the preschool wave of
the current cohort, children from homes with mavenpared to less socioemotional chaos
demonstrated lower morning cortisol (Lumeng et2014). Most studies in children have
focused on the impact of chaos on basal cortisal,as a result, there is a significant gap in the
literature on how chaos in middle childhood is assted with cortisol reactivity.

Family conflict. Family conflict may contribute to cortisol dysregtibn by decreasing
the effectiveness of parents to help children &gutress and of the child to form stress-
buffering social relationships (Miller et al., 2Q1Eamily conflict is different from negative life
events and chaos because of its social nature sbhial stressor could lead children to
consciously or unconsciously interpret conflicbaing threatening to the family’s safety and
stability. In kindergarteners, greater interparectaflict was associated with blunted cortisol
reactivity to simulated parental conflict (Davigsag, 2007). Adolescents with high family
aggression levels demonstrated blunted cortisctikety to more versus less conflictual
discussions with parents (Saxbe et al., 2012)-3ry8ar olds, greater child conflict in the home
was associated with lower awakening cortisol afidteer diurnal cortisol slope across the day
(Slatcher & Robles, 2012). One study reported ¢hdtiren in families with higher marital
discord had higher wake-up and average cortisel$eacross the day (Pendry & Adam, 2007).
Children in families with high marital discord alkad a less pronounced decrease in cortisol
levels across the day and higher bedtime cortiswlpared to children in families with low
marital discord, and this effect was more pronodrfoe kindergarten-aged children than for
adolescents (Pendry & Adam, 2007).

These three types of stressors (negative life ayehtios, and family conflict) may affect

basal cortisol and cortisol reactivity through ei#nt pathways, but no study to our knowledge



has examined these pathways with respect to bat bartisol and cortisol reactivity in middle
childhood. In addition, the developmental timingluése stressors in relation to cortisol
production in middle childhood is unclear.
Developmental timing and timing of stressors

We have a myriad of evidence that chronic HPA atitbn produces heightened cortisol
levels close in time to the stressor, but downi@guh of the HPA axis in response to
chronically high cortisol levels produces normaldw cortisol levels, even if higher levels of
the axis (e.g., hypothalamic corticotropin-releggdiormone; CRH) and limbic regions are still
hyper-responding (Fries, Hesse, Hellhammer & Hefifmer, 2005). Thus, the timing of stress is
important to understanding current cortisol proguctas recent stressors may have a profile of
hyperactivation while more distal stressors mayeteyprofile of hypoactivation (Doom &
Gunnar, 2013; Miller et al., 2007). Compoundingtissue of timing is the realization that the
developing brain and stress-mediating systems espond to stressors differently in childhood
than in adolescence or beyond. The developmentaldiof early risk factors may differentially
affect current and future cortisol regulation, amaly be particularly important in early childhood
when stress regulation systems are establishech@@@Quevedo, 2007; Lupien et al., 2009).
Another important developmental concern is thasstors may change over time, and it may be
that an increasing or decreasing amount of stregsbatter predict cortisol production than
stress at a particular time point.
Current Study

The goal of this investigation is to understand idmmponents of stress exposure (e.g.,
negative life events, chaos, and family conflié¢t¢et diurnal cortisol and cortisol reactivity

longitudinally in low-income children. Although tbe three aspects of the environment have



been examined in relation to basal HPA functior{urgually diurnal cortisol slope or hair
cortisol), to our knowledge this is the first studyexamine these factors together in relation to
both diurnal cortisobnd cortisol reactivity within a sample of low-incorakildren in middle
childhood. This study will model these parallekss processes that could lead to individual
differences in cortisol production in a group oiviincome children. It is hypothesized that more
negative life events, chaos, and family conflicpireschool will be associated with lower
morning cortisol and a blunted diurnal cortisolp@an middle childhood. As there are few data
examining cortisol reactivity in low-income childrén middle childhood, we tentatively predict
that greater current negative life events will bsaziated with heightened cortisol reactivity,
while greater preschool family conflict will be asgated with blunted cortisol reactivity.
M ethods

Participants

A total of 242 children who patrticipated in the wliel childhood follow-up of a
longitudinal study are included in analyses (sdalda for participant demographics). Children
were first recruited in preschool through theirtiggpation in Head Start, a federally funded
education and health program for low-income chiidrethe United States. Children and their
primary caregiver (92% mothers) were recruitedugtoa form sent home with the child from
Head Start. Parents who returned the demographitdod contact information were
compensated with $10. Parents were then contaztgetérmine study eligibility and interest in
participation. Exclusion criteria included: child marent was unable to complete informed
consent in English; primary caregiving parent withyear college degree in order to target a
low-income sample; child in foster care; child Hiadd allergies, significant medical problems,

or perinatal complications; gestational age < 3BkseChildren were included in the current



analysis if they had valid cortisol data for thaagvity protocol or the diurnal saliva collection.
We excluded participants who either reported inhage in the past 24 hours or the daily use of
a corticosteroid (N = 10; total N does not inclildese participants), which could interfere with
cortisol values. Children included in the currenidy did not differ from those who participated
in earlier waves or those who did not provide swoitin middle childhood as a function of the
following T1 measures: seijcome-to-needs ratio, primary caregiving parenication,
race/ethnicitypr BMlz, all ps > .05. Children with valid cortisol data in middthildhood were
slightly older (M = 51.3 months) than those who dad have valid cortisol data or did not
participate in the middle childhood assessment (7 months)p < 0.05. This study was
approved by the university’s institutional reviewand.
[Table 1 here]

Procedure

Children and parents participated in sessionsraéttime points: two in preschoof{1
session age 35-62 months, M = 50.6 months, SD /nedian = 51.7, N = 380"%session age
38-85 months, M = 58.7 months, SD = 8.5, media®.2;9\ = 330) and one in middle
childhood (age 84-122 months, M = 95.0 months, SD6; median = 93.7; N = 275). The
preschool sessions ranged from 0 to 26.0 months @ga 7.9 months, SD = 5.6, median =
6.4). The time between the first preschool andidle childhood sessions ranged from 28.1 to
65.4 months apart (M = 44.4 months, SD = 7.9, nredid3.6; see Table 1 for descriptive
information for participants in the current analjse\t the first preschool assessment,
guestionnaires were completed by the parent tasagskamographics, income, and chaos. At the
second preschool assessment, parents completeitbguasges on current family conflict and

negative life events in the past year. At the nediildhood assessment, parents completed



guestionnaires on demographics, income, chaoslyfaonflict, and negative life events in the
past year. In addition, diurnal free cortisol arekfcortisol in response to stress were assessed.

The parent provided written consent and childrevigled age-appropriate assent to
participate. Families were compensated for theietiResearch assistants (bachelor-level)
administered questionnaires to parents and cotledtesaliva samples from children during the
stress protocol. Parents collected saliva at hamthé diurnal free cortisol assessment.
Saliva collection

Diurnal salivary cortisol. Parents were sent home with a saliva collectiotokiollect
their child’s saliva 3 times per day for 3 dayseThorning sample was to be around 8am before
breakfast and school, within 30 minutes of waking% of samples were collected during the
first 30 minutes, and 95% were collected within fing hour of waking). The after-school
sample was to be around 4pm before a snack orm{6igo of samples were collected between
3-5pm). The bedtime sample was to be collectednar&9pm (70% of samples were collected
between 7:30-9:30pm). We utilized MEMS caps to &hmrent report of saliva time against the
cap-recorded time and found that parents were 324rate at recording log times within 15
minutes of the actual time and 94% accurate atdaog times within 30 minutes of the actual
time. Parents were instructed not to let the obdtlifor 30-45 minutes before collecting the
sample, to space samples at least 3 hours apdmadrto collect saliva if the child was sick. The
parent had the child rinse his or her mouth and tieewed on dental cotton for 1-2 minutes.
The parent was instructed to place the samplecola-coded tube, mark the time of sample/last
meal, and any medications or sickness (in caspdtent collected saliva while the child was

sick), and place the tube in the freezer untilseaech assistant could pick up the samples,



usually within a week of collection. A researchisissit called or texted the parent at the
scheduled sample time to answer questions androotifat the sample was obtained.

Salivary cortisol reactivity. All stress reactivity sessions were conducted én th
afternoon (approximately 3-7pm), typically withimeek of the diurnal saliva collection. Saliva
sample #1 was collected by the research assistfamirdutes after a snack that was followed by
calming free play by chewing on a piece of dentdtan for 1-2 minutes. The child then
transitioned to the stress task. The stress reéyqinotocol consisted of approximately 10
minutes of academic testing with a strict teacer 20 minutes of the modified Trier Social
Stress Test for Children (TSST-C; Buske-Kirschbatral., 1997). The strict teacher was a
female research assistant instructed not to geelhiid any positive feedback and to always use
a neutral, but not harsh, tone. The research assisitroducing the teacher told the child that the
teacher was very strict, and acted nervous ardumteicher. When the teacher entered the
room, she made several very slight adjustmentseodom setup to show she was picky about
rules. The child was told that if he/she did bettt@n the other children tested, he/she would earn
a prize at the end.

The strict teacher administered the forward andwand digit span tasks and the oral
word fluency task from the Wechsler Individual Aetement Test-Third Edition (WIAT-III,
2009). Then, an adapted TSST-C story book taskadasnistered by the teacher. The child was
instructed to tell a detailed story about picturethe book for 30 seconds each (10 total
pictures) and was given an example of how to dd ke.teacher beeped the timer at the
beginning and end of the 30 seconds. After tharid 8" pictures, the teacher said to stop and
told the child to say more about the next pictuned speak into the microphone. On all other

pages, the teacher would move onto the next pietitee 30 seconds. If the child stopped



talking, the teacher would use the prompt, “Keeipgd in a neutral voice for a maximum of 3
times per task.

After 10 pictures, the teacher moved on to the rpadthlem solving portion, reading
aloud grade-appropriate questions from the WIATAHe child was provided with a paper and
pencil. The task was discontinued after 4 conseeuicorrect answers, and the child was not
given any feedback in order to keep the task uairerf the child was unresponsive for 30
seconds, he/she was prompted to answer. If the abied for help, the teacher would respond
that she could not help. After the task was disooled, the teacher told the child she was going
to score the answers to see if the child had werptlze and left the room.

Two minutes after the teacher left, the researsls@st re-entered and asked the child to
self-report his or her subjective distress. Sadiample #2 was collected immediately after the
distress assessment (20-25 minutes after theotdme stress task). The child was debriefed by
the research assistant and the teacher and talththeeacher was practicing how to be strict,
and the teacher asked the child whether she haglalgnod job. The child was given a prize and
then played calm games with the research assistal® remaining seated. Sample #3 was
collected about 15 minutes after the child was ieéda. Sample #4 was collected about 35-40
minutes after the debriefing. Saliva was samplatiege multiple time points following the
stress-elicitation challenge tasks to capture iddia differences in response time for free
cortisol reactivity and recovery (Dickerson and Ky, 2004; Lopez-Duran et al., 2009).
Cortisol assay

Following collection, saliva samples were thawethptetely, vortexed, centrifuged at
3000 rpm for 15 minutes, separated from debris,paced in Thermo Scientific Matrix Racks

at -80° C until assayed. Saliva samples were stidainiv the University of Michigan Center of



Chemical Genomics (CCG) to perform assays. Assays wonducted by the same technician
using the same equipment. On the day of the agsagample was submitted to the steps for
cortisol detection following manufacturer’s insttions. Cortisol was assayed using an
Expanded Range High Sensitivity Salivary Cortisoz¥ine Immunoassay Kit (Catalog No. 1-
3002, 96-Well Kit, Salimetrics LLC, PA, USA) withdetection limit of 0.00ig/dL. The

average inter-assay coefficient of variation (C\@swt.0% and the intra-assay CVs ranged from
0.8-6.1%. We report free cortisol jiig/dL.

Questionnaires

Subjective distress. Children were asked to rate their subjective fesliof distress at 3
time points to ensure the task was significantiglleimging: right before the stress task, during
the task (asked 2 minutes after the task ended)atthe time of the last saliva sample.
Responses ranged from 1 (very calm or relaxed)(t@¥f nervous, scared, or stressed out).
Analyses indicate that participants felt signifidgmore stressed during the task than before or
after,ps < 0.001 (means presented in Table 1).

M edications. Parents were asked at the middle childhood assessvhether their child
regularly takes any medications for use in analydésscored medication use from a 0-2 scale
with guidance on medications with possible effectortisol (Granger, Hibel, Fortunato, &
Kapelewski, 2009). A value of 0 was assigned faldedn with no medications or medications
with no effect on cortisol. A value of 1 was asgdrior children with medications with a
possible effect on cortisol. A value of 2 was assdyfor children with medications with a likely
effect on cortisol, including those with occasiobat not daily use.

Puberty. To control for the possible influence of pubertavedlopment on cortisol levels,

parents estimated their child’s pubertal develogrbased on a visual rating scale for Tanner



staging (Morris & Udry, 1980) at the middle childitbsession. Short descriptions of physical
changes at each stage were displayed below thegtdrents of females completed the ratings
for breast and pubic hair development, and parisales completed the rating for genital and
pubic hair development. Parents rated their chilid'¢elopment from 1 (not started developing)
to 5 (fully developed). For males, the genital @andic hair development score was used, and for
females, the average of the breast and pubic bagldpment scores was used.

BMI. Trained research staff measured child weight anghhat the middle childhood
assessment. Body mass index (BMI) in middle chitdhevas calculated as kilograms over
meters squared, and BMI z-score (BMIz) was caledl&iased on the reference growth charts for
age and sex from the US Centers for Disease CamtbPrevention (Kuczmarski et al., 2002).

Sleep disturbance. To control for potential associations of sleeputisance with
cortisol outcomes (Kumari et al., 2009), the Clalds Sleep Habits Questionnaire (CSHQ;
Owens et al., 2000) was completed by parents idimichildhood. Subscales included bedtime
resistance, sleep onset delay, sleep duratiorp aledety, night wakings, parasomnias, sleep
disordered breathing, and daytime sleepiness. Raraticated how often an event happened in
the past week. If the past week was atypical, e instructed to think about the most recent
typical week. Rarely (0-1 times) was coded as thetomes (2-4 times) as 2, and usually (5-7
times) as 3. The total sleep disturbance scoteisum of 33 items from the 8 subscales, and
this total score was used in analyses. In this sgrtipe score ranged from 34-79. This scale has
been used extensively to identify sleep problenschool-aged children (Owens et al., 2000).

Negative life events. The 30-item Life Events ChecklidtEC) was completed by the
parent at both the preschool (second session) adierchildhood assessments to report what

negative events happened to the family in the yeest (Kilmer et al., 1998; Work et al., 1990).



Example items include family member with a seridiagss, family member arrested or in jail,
death of family, parents separated or divorcedjlyfamember with an alcohol/drug problem,
and neighborhood violence. Participants responld yas or no for each item, and if they
responded with yes, they were then asked to réypovtmuch the child was bothered or upset by
this event. Responses included not at all both@geseiving a score of 0), a little bit, somewhat,
and a lot (score of 3). The final score for the actpof stressful life events was calculated by
summing the responses for the “bothered” quesfimnall events that were endorsed for a
potential range of 0-90. Those who did not endarseevents received a 0 on this scale. We
chose to use how “bothered” children were by thenéinstead of the total number as it is
arguably a more person-centered approach for gagttire child’s experience (Jenness &
McLaughlin, 2015). In this sample, the scale ranfgech 0-30 at the preschool assessment and
0-36 at the middle childhood assessment.

Chaos. The parent completed the 15-item Chaos, HubbubQaddr Scale (CHAQS;
Matheny et al., 1995) at both the preschool (8estsion) and middle childhood sessions to
assess general chaos in the home. This scale edsessmber of aspects of the home, including
level of commotion, the home is a “z00,” being aol¢alk without being interrupted, often a
fuss going on, unable to hear yourself think, ggttirawn into others’ arguments, able to relax,
always seem to be rushed, able to stay on toprafghhaving a regular routine, and calm
atmosphere. This scale has demonstrated good ahtynsistency, test-retest reliability, and
external validity (Matheny et al., 1995). If annténdicating greater chaos was endorsed as true,
it was assigned a value of 1, and it was assignedug of O for false. The number of items
endorsed was summed for the final score (rang®&)OHlitems were missing, the average score

across the 15 variables was used. A higher scdreated a higher level of chaos in the home.



Family conflict. Conflict in the family was assessed at both thegireol (second
session) and middle childhood assessments usir2titem conflict scale of the Self-Report
Family Inventory (Beavers et al., 1991). ltemshaf tonflict scale measure overt conflict, such
as openly fighting, blaming, arguing, negative taared unresolved conflicts. Responses ranged
from 1=fits our family well to 5=does not fit ouarhily at all. Responses were reversed for
appropriate items and then averaged across therh2 such that a higher score indicated
greater family conflict. Scores could range fror, but in this sample ranged from 1-4.33 at the
preschool session and from 1-4.25 at the middlellcbod session. The overall inventory has
demonstrated good reliability and validity with ethmeasures of family functioning (e.qg.,
Hampson et al., 1991).

Income-to-needs. The immediate family’s income-to-needs ratio wasduat the
preschool (I session) and middle childhood assessments twkesher associations were
specific to negative life events, chaos, and famlgflict rather than to low income. Annual pre-
tax income from all sources was reported by themawho was asked to report their income or
to choose a category that best represented thmailyfal here were 18 categories that participants
were sorted into based on their response, rangimg less than $5,000 to more than $200,000.
This dollar amount was then divided by the povértgshold for a family of the same size to
arrive at the income-to-needs ratio. The mean&®f €r this sample during preschool indicated
that families were generally living in poverty.

Demographics. The parent who completed the questionnaires afsarted his or her
highest level of schooling at the first preschasdessment as 1) did not finish high school, 2)
high school diploma or US high school equivalerest (General Educational Development test;

GED), 3) some college courses, or 4) 2-year coltegggee. The child’s race and ethnicity were



reported by the parent and coded as non-Hispanie w0, Hispanic and/or non-white = 1 for
analysis. Child sex (male vs. female) was repdstethe parent and included in all models as
sex differences in HPA functioning in low-incomdldren have been reported even before
puberty (e.g., Doom, Cicchetti, Rogosch, & Dacki3]3).

Data analytic plan

Diurnal freecortisol data. As recommended in the field (e.g., Gunnar and WRIBE1,
Massey et al., 2016) and in preparation for analyse removed any saliva sample for which
the free cortisol value deviated more than 3 stahdaviations from the calculated mean of a
specific time point. Following this procedure, 43le 2162 samples assayed (2.0%) were
excluded. Children who had at least five salivagasacross at least 2 days were included in
the analysis in order to create diurnal curves doatirately represented the child’s diurnal
cortisol pattern on more than one day (mean numbeata points per child =8.4, SD=1.1; 6
children were excluded for this reason).

As in prior work, we used hierarchical linear madgl(HLM) to capture diurnal free
cortisol curves for each participant by generatanmgdom parameters with the restricted
maximum likelihood method (REML; Lumeng et al., 20Miller et al., 2016). Provided that
trajectories have a known parametric form, the Hiproach is a powerful technique for
estimating individual trajectories (Hruschka et 2005). This approach can directly account for
differential measurement of cortisol if samplingéis are not uniform by using the parametric
function of the known diurnal pattern. HLM is a ugh estimation method, even with missing
data. Using minutes as the independent variabkvétefrom parent-reported time since
awakening) and log-transformed cortisol as theaut the diurnal pattern obtained is linear on

time in a log-scale (for time 60 min) and is captured by the intercept and stdgbke derived



line. Thus, the random intercept generated by th i$ an estimate of the expected 60 min
post-awakening free cortisol level for an indivijuand the random slope generated by the HLM
is the expected rate of cortisol decay from 60 pust-awakening onward. Preliminary analyses
on the data obtained indicated that cortisol valuere sensitive to whether or not the child ate
before the sample. As a result, we controlled foetler the child ate before each of the samples
in the HLM model. Recall that each child provideaples for three days. Each free cortisol
measurement on each day was included in the maldelg with the corresponding time since
awakening for that particular day and the samphe tRandom effect parameters estimated each
child's expected cortisol pattern over the thregsdiaat were sampled, giving a single predicted
cortisol intercept and slope for each child whakimg into account data from all three days. The
random intercept and slope were used as individwal dependent variables for the analyses.

Cortisol reactivity data. Again, in preparation for analyses, we removedsatiya
sample for which the cortisol value deviated mbant3 standard deviations from the calculated
mean of a specific time point (e.g., Massey et2d116). Following this procedure, 18 of the 899
samples assayed (2.0%) were excluded. We asséssedrtisol response to stress by
calculating the area under the curve (AUCI). Theisol AUCi was calculated using the
trapezoidal rule and reflected the child's totaéfcortisol output increase from the first sample
(prior to starting the stressor) to the fourth sknfp0 minutes after conclusion of challenging
tasks). AUCI is typically used in this manner asraticator of overall stress response (Pruessner
et al., 2003). For follow-up analyses, AUCIi wasaeajely calculated for reactivity (Time 1 to
Time 2) and recovery (Time 2 to Time 4).

Diurnal cortisol and cortisol reactivity models. The final regression analyses were

completed in SPSS version 24. A correlation tablmadel variables can be found in Table 2.



Three regression models were calculated with adritigercept (estimated 60 minutes post-
awakening), diurnal cortisol slope, and cortisol@ilyarea under the curve with respect to
increase) in response to stress as dependentlearidibe final models were created by first
including preschool and middle childhood negatifeedvents, chaos, family conflict as
independent variables. Sex (male = 1, female =n@)race/ethnicity (non-Hispanic white = 0,
Hispanic and/or non-white = 1) were added as catesiin addition to the following covariates
assessed at middle childhood: age at assessmaentamedications, pubertal development,
sleep disturbance, BMI z-score, and income-to-netits (in both preschool and middle
childhood). The random cortisol intercept was coesed as a covariate in the diurnal slope
analysis, and time since awakening on the dayeoféhctivity protocol was considered as a
covariate for the reactivity analysis. Independemtables and covariates were removed from the
analysis for parsimony if they were not indepengeatlictors of either diurnal cortisol intercept,
slope, or cortisol AUCip < .10. Independent variables and covariates wecetasted to ensure
that exclusion did not change the direction or ificgnce of the modep < .10. Thus, the final
models for intercept, slope, and AUCI had identmraldictors (except for cortisol intercept for
the slope model and time since waking for the Ab©del, which were included if they were
significant predictors of the outcome or their esobn did not change the model). Results are
displayed as T1 (Time 1: preschool assessmenis) ¢fime 2: middle childhood assessment)
for each variable.

In order to test whethe&hange in the stressors (i.e., increasing chaos) ratleer the
level of the stressor at either time point was nam®ociated with cortisol measures, change
scores were added to the final model to test winétiey predicted the outcomes. Each of the

three stressors (life events, chaos, and familfliconat both time points were z-scored within



the sample, and the T1 score was subtracted freri2lscore to create the change score for that
particular stressor. Non-significant change vagahblere removed from the final modek .10.

Follow-up analyses were conducted to test whetrestigtors of cortisol AUCi are more
associated with cortisol reactivity (AUCIi from TiMeo Time 2) or recovery (AUCI from Time
2 to Time 4). The model predictors that were detifrem the models of AUCI, diurnal cortisol
intercept, and diurnal cortisol slope were usegraalict reactivity and recovery.

[Table 2 here]
Results

Initial analyses

The AUCI for reactivity (Time 1 to Time 2) was sificantly larger than 0, mean
difference = 46.62, t(194) = 4.55, p < 0.001, iadiieg an overall cortisol response to the
stressor. The morning free cortisol intercept aindnal slope were significantly correlateds
.49,p < .001. Free cortisol reactivity to stress wasaurstelated with the morning free cortisol
intercepty = .00,p = .96, or the diurnal slope= .05,p = .49.
Morning cortisol inter cept

The final model predicting the T2 cortisol interté@0 minutes post-awakening)
included T2 pubertal status, T2 age, sex, raceftinl 2 sleep disturbance, T2 BMlz, T1
income-to-needs ratio, T1 negative life eventschidos, T1 family conflict, and T2 family
conflict (see Table 3). The overall model signifittg predicted the T2 cortisol intercepi(11,
172) = 2.22p = .02. Females showed higher T2 cortisol intecépn maled(172) = 2.65p <
.01, those with higher BMIz showed lower T2 cortiserceptsf(172) = -3.02p < .01, and
older participants demonstrated lower T2 cortiatgriceptst(172) = -2.46p = .02. Higher T2

pubertal statug(172) = 1.67p = .098, and greater T2 family conflief172) = 1.86p = 0.07,



predicted a greater cortisol intercept at the le¥el trend. No other variables in the model were
significant predictorsps > .10. None of the change scores predicted thepftsol interceptps
> .10.

[Table 3 here]
Diurnal cortisol slope

The final model predicting T2 diurnal cortisol goconsisted of the T2 cortisol intercept,

T2 pubertal status, T2 age, sex, race/ethnicitysl&p disturbance, T2 BMIz, T1 income-to-
needs ratio, T1 negative life events, T1 chaodaiiily conflict, and T2 family conflict (see
Table 4). The overall model significantly predicteé T2 diurnal cortisol slop&(12, 171) =
7.29,p < .001. Greater T1 chaos was associated with a lanted T2 cortisol slopg171) =
3.03,p < .01. Being female and identifying as non-Hispamhite were independently associated
with a steeper T2 diurnal cortisol slops,< .05. Being more advanced in puberty was
associated with a steeper cortisol slope at the [efva trendt(171) = -1.81, p = .07. Neither T1
nor T2 negative life events or family conflict, N2 chaos predicted the T2 cortisol slope>
.10. None of the change scores predicted the Traaigortisol slopeps > .10.

[Figure 1 here]

[Table 4 here]
Cortisol AUCI

The final model predicting T2 cortisol reactivitycluded T2 pubertal status, T2 age, sex,

race/ethnicity, T2 sleep disturbance, T2 BMIz, éame-to-needs ratio, T1 negative life events,
T1 chaos, T1 family conflict, and T2 family contlisee Table 5). The overall model
significantly predicted T2 cortisol AUCK(11, 140) = 2.32p = .01. Greater T2 family conflict,

t(140) = 2.75p < .01, and greater negative life events attTI40) = 2.17p = 0.03, were



associated with an increased T2 cortisol AUCI. @&e&l family conflict was associated with
lower T2 cortisol AUCi at the level of a trert{140) = -1.81p = .07. Greater T2 sleep
disturbance predicted lower T2 cortisol AUGL40) = -3.87p < .001. No other variables were
associated with T2 cortisol AUQps > .10. The change scores did not predict T2smrAUCI,
ps > .10.
[Figure 2 here]
[Table 5 here]

Follow-up analyses: Cortisol reactivity versus recovery

The final two models with T2 cortisol reactivity ALJand cortisol recovery AUCi as
outcomes had the following variables as predictdégspubertal status, T2 age, sex,
race/ethnicity, T2 sleep disturbance, T2 BMIz, iéame-to-needs ratio, T1 negative life events,
T1 chaos, T1 family conflict, and T2 family contli@he overall model significantly predicted
cortisol reactivity, F(11, 140) = 2.14,= 0.02. Greater T2 family conflict was associaigith
higher T2 cortisol reactivityt(140) = 2.74p < 0.01 (see Table S1). Greater T1 negative life
events{(140) = 2.29p = 0.02, and greater T1 chaos, t(140) = 2.01, 0464 were associated
with higher cortisol reactivity. Greater T1 famdgnflict was associated with lower T2 cortisol
reactivity at the level of a trent{140) = -1.95p = 0.053. Greater T2 sleep disturbance was
associated with lower cortisol reactivity, t(140)3=21, p < 0.01.

The overall model significantly predicted cortisetoveryF(12, 138) = 21.48p <
0.001. Greater cortisol reactivity predicted fastentisol recoveryt(138) = -14.81p < 0.001
(see Table S2). No other variable significantlydocted cortisol recoverys > 0.10.

Discussion



These findings support the hypothesis that thengnaind types of psychosocial stressors that are
often associated with childhood poverty differelhitiassociate with diurnal cortisol regulation
and cortisol reactivity in middle childhood. Idégiing chaos and negative life events in
preschool and family conflict in middle childhoosl gulators of the stress system provides
new insight into how specific psychosocial stresgbat occur at different points in childhood
may impact the biology of the HPA axis. Importanthe current study examined middle
childhood, a time that may be particularly sigrafit for establishing future mental and physical
health. Indeed, certain emotional and behaviomblems at this age have been associated with
HPA functioning (e.g., Hankin et al., 2010; Shiffet al., 2005). Information on the timing and
type of stressors affecting children during thiselepmental period is essential to develop
interventions for children living in low-income heeholds that address environmental changes
that may improve physiological regulation and daseerisk for psychopathology and related
health problems.

The stressors examined in the current study mégrdiftially influence cortisol
production through distinct mechanisms. Negatifeedvents are unique in that they are discrete
events that can have an acute negative impacteochild and family but do not necessarily lead
to chronic dysfunction in the family. In the curtetudy, more negative life events in preschool
predicted higher cortisol reactivity in middle ahbod. It could be that the preschool period is a
time of sensitization of the HPA axis in resporeséater stressors. As a result, discrete negative
life events in preschool could prime neural cirs@hd HPA specific elements to respond more
strongly to challenges in the future. Potentiahpatys of neuronal sensitization following early
stress include increased dendritic branching irbemolateral amygdala, greater CRH expression

in the central nucleus of the amygdala, and oveunder-recruitment of neural circuitry



underlying HPA neuroendocrine stress responseg(ilai & Herman, 2009). Unlike chronic
stressors, negative life events due to their epmiswature could lead to augmentation of the HPA
neuroendocrine stress response rather than a dioninas observed with chronic repetitive
stress exposure. Interestingly, our follow-up asedyindicated that negative life events were
more predictive of cortisol reactivity than recoyesuggesting different factors affect cortisol
reactivity and recovery in unique ways. A possiid¢ghway by which negative life events during
preschool may lead to heightened cortisol reagtigithrough parenting. The stress of these
negative life events could impact caregiver stlegsls and parenting quality over time (Essex,
Klein, Cho, & Kalin, 2002; Fisher & Stoolmiller, 28), which might lead to disruptions in
cortisol reactivity in middle childhood.

Chaos may have a specific impact on diurnal cdriésels as chaos is less acutely
threatening to the child and the stability of taenfly compared to negative life events and
family conflict. Rather, chaos may be viewed atm@ugic condition of unpredictability and
uncontrollability, producing many mild stressorsotighout the day and disrupting routines that
would otherwise facilitate greater stability inests biology. Chaos and unpredictable schedules
likely contribute to blunted diurnal patterns obvset in certain pediatric populations, especially
if there is great variability in sleep schedulesii@ar & Vazquez, 2001). The current analyses
suggested that the chaos may not be related toimgazartisol levels, but rather related to the
blunting of the cortisol across the day. The frequmild stress of chaos may lead to higher
cortisol levels during the day that prevent coftfsam reaching its typical nadir in the evening.
Upregulation of cortisol production across the day be helpful to deal with stressors in the
short-term, but could be deleterious over timeefimalizing disorders, growth and development;

Tarullo & Gunnar, 2006). Since chaos is likely ddai stressor than family conflict, especially



in regard to social threat, it may take more timepotential associations between chaos and
observed physiology. As with negative life evertsaos could impact child cortisol levels over
time through alterations in caregiver stress andtemal availability, parenting quality, and the
caregiver’s attentiveness to the child’s cues. @bast with previous early life stress reports
(Tarullo & Gunnar, 2006; Gunnar & Vazquez, 2006)xas during preschool may be more
associated with diurnal cortisol production. Thieralso evidence from this study that greater
chaos in preschool is associated with greatersapnteactivity but not recovery in middle
childhood, which could serve to heighten respohgia respond to stressors to prepare the child
for a future chaotic environment in middle childdoo

A possible mechanism by which current family cantfbould influence cortisol reactivity
is through the child consciously or unconscioustgiipreting family conflict as a stressor that is
threatening to both the child and family’s safatg atability. As a result, family conflict in the
home might make children hyper-vigilant to socraktts, interpret those threats more
negatively, have a stronger emotional reaction,sroiv a profile of heightened autonomic and
neuroendocrine HPA response in the face of futaceabthreats (Luecken et al., 2013; Miller et
al., 2011). More research needs to be done to staael whether conscious or unconscious
interpretations of stress in children are assodiafti¢h cortisol functioning, but this is a possible
mechanism by which family stress affects the HP&.akhe current findings suggested that
current family conflict is a better predictor ofrtisol reactivity than preschool family conflict. |
could be that threat detection and stress-mediagisatgms may dynamically adapt to
relationship threats such that current conflia tsetter predictor of functioning than past comflic
or change in conflict. Our results were similaatstudy that reported that increased distress

responses to interparental conflict were associatétheightened cortisol reactivity to a



simulated parent conflict task (Davies, Sturge-gp@icchetti, & Cummings, 2008), suggesting
that heightened emotional responsiveness govembuohbic brain structures could be a

pathway by which increased family conflict coulddeto simultaneous increases in cortisol
reactivity. Another possibility is that current faynconflict leads to the perception of less
reliable social support, either consciously or ursmously, reinforcing the need to upregulate
cortisol responsiveness in order to cope with stwssalone (Tarullo & Gunnar, 2006). During
middle childhood, this may become a particularhesd issue as children begin to develop their
own peer social networks outside the family systenour study, the social component of the
TSST-C may have been more relevant for elicitirenger cortisol responses in children exposed
to family conflict than exposed to stressors thatless socially threatening. Family conflict may
have unique associations with social functioningnpared to the other stressors assessed, which
could have implications for stress biology in sbsituations. Current family conflict was also
associated with reactivity and not recovery, sutiggslifferent mechanisms for affecting these
components of HPA responses to stress. There wandklevel finding that greater family
conflict in preschool was related to a more blurgedisol response to the TSST, which could
indicate that earlier family conflict is relatedltunting of cortisol reactivity while current

conflict is associated with heightened reactiviitpwever, this result must be replicated in future
work.

The findings of this study inform important quessdn stress biology and
developmental psychopathology by identifying séwesiperiods for the shaping of HPA axis
regulation at different points in development. Bpecificity of both psychosocial stressor type
and the developmental timing of such stressorslation to cortisol reactivity versus diurnal

cortisol generates additional important questiargerning critical HPA axis regulators and



sensitive periods of development. First, are thieskngs specific to early-middle childhood, or
would we observe similar associations in adolessen@dulthood? It could be that adolescents
and adults who were exposed to psychosocial stessnly in life exhibit cortisol profiles
similar to younger children with adverse experien@dternatively, profiles could appear
different given that developmental processes sagiubertal maturation may reshape biological
systems to adapt to the current environment, winialg have changed since early childhood, and
also to a changing social environment (Doom eRal1l5). For example, our results differ from
those of Bosch and colleagues (2012) which repmessociation between stressors from ages O-
5 years and cortisol reactivity in adolescence. ey, the timing of assessment in adolescence
may be an explanation for this difference, as gresttessors from ages 6-11 were associated
with increased cortisol reactivity in adolescer8edch et al., 2012). Similarly, our findings of
increased cortisol reactivity for children from féies with greater family conflict differed from
others in the literature (Davies et al., 2007, ®aatal., 2012), but this may also be due to the
timing of the assessment (middle childhood vsyearildhood or adolescence) and the nature of
the stress task (social evaluation by an unfarsldart vs. family conflict task).

Second, what aspects of these stressors make thigal cegulators of current and
future HPA functioning? Current family conflict még consciously or unconsciously
interpreted as a threat to the family and the &=dfjing to increased vigilance, difficulty forming
stress-buffering social relationships, and gresttess reactivity (Miller et al., 2011). Negative
life events and chaos during the preschool yeayssigaal that the environment is unpredictable
and unsafe, which both limits young children’s op8 for obtaining help in managing their
stress (Gunnar, 1998) and also programs physi@bgystems to prepare for a similar

environment in the future. However, negative evanit$ chaos may be differentially associated



with HPA functioning due to the differences in chimty of these stressors. For example,
negative life events may be more acute and set®sssrs, while chaos may be a more
smoldering, chronic, but less severe psychosotedsor.

It will be important for interventions, particulgihose focused on alleviating the effects
of stress on children growing up in poverty, t@#rthese critical regulators during sensitive
periods to optimize effectiveness. The findingshis study certainly support the importance of
preschool as a sensitive period and suggest thasdnd negative life events are psychosocial
stressors that regulate development of the HPAlargitudinally. Finally, how can
interventions address the specificity of psychaamtressors? There is evidence suggesting that
basal cortisol and cortisol reactivity can be défaially affected by stress and psychopathology
(e.g., Alink et al., 2008; Tomiyama et al., 201&)d it will be important to consider how
interventions can address the effects of diffestr@ssors on cortisol activity. Of course,
different aspects of HPA activity serve differehiypiological purposes, and further research is
needed to understand why and how stressors mayelgigffect basal cortisol vs. cortisol
reactivity and how interventions may address tlu#féerences.

Finally, it is important to note that although stists often discuss differences between
groups as normative regulation versus “dysreguidtisuch differences may also represent
physiological changes made to adapt to differgomegyof environments that vary in the severity
of stress. For example, high stress reactivityldess linked to maladaptive outcomes in high
adversity contexts and enhanced adaptation in thrergity contexts (Obradavet al., 2010).
Thus, it may be more appropriate to think abouldgiigal sensitivity to context and conditional
adaptations to current and future stressors (B&yE#is, 2005; Obradon et al., 2010). In this

study, high levels of family conflict are concurtlgrassociated with increased reactivity to a



psychosocial stressor. In the case of family conftieural circuitry processing cues of threat and
negative emotion may be primed by recent eventisarhousehold to detect and respond to cues
that may signal a need for an individual to be preg to protect themselves from an immediate
threat within the family (Pollak, 2008), which igpkace the child might usually expect to be safe.
Additionally, children who experience greater chand negative life events in preschool may
detect an unpredictable and threatening immediadexternal environment early in life. Their
developing stress-mediating systems may progratisobreactivity and diurnal cortisol
regulation in a way that will help them adapt tmigr chaotic environments or negative life
events in the future. In fact, it may be that thesslictive adaptations made to survive in
stressful environments are maladaptive and leadetatal and physical health problems when
the current or future environment does not matetptievious adaptations (Doom & Gunnar,
2013). Alternatively, these adaptations may benitéel for short-term survival as it may be
metabolically costly to have enhanced responsiveaekigher evening cortisol levels for long
periods (McEwen, 1998). Therefore, if the stressfulironment and the concurrent
physiological adaptations persist beyond a shaoibgef time, these adaptations may ultimately
become maladaptive for mental and physical hedttE(ven, 1998). It is also essential to
remember that measuring cortisol levels assessestje aspect of the body’s stress-mediating
systems. When thinking about upregulation or doguilagion of physiological systems, we

must consider higher levels of the HPA axis, sigtha hippocampus, the hypothalamus and the
pituitary, and inputs from systems ranging fromithenune system to the sympathetic nervous
system to emotion and fear circuitry in the br&hanges in functioning in one system will

likely impact functioning in a number of stress-nagithg systems across development (Doom &

Gunnar, 2013; Joéls & Baram, 2009).



This study had limitations that must be discusskdminterpreting the results. First, the income-
to-needs ratio was used as a proxy for the incangonent of SES as we did not have more
detailed measures of financial strain at both gromts. Although there is not a consensus on the
best way to measure the income component of SE&awe attempted to use an objective
measure incorporating income and family size ireotd control for effects that may be due
solely to low resources rather than poverty-relateglssors specifically. It is important to note
that this study did not have any primary caregivens attained a 4-year college degree, and
nearly all families were from low-income backgroando as planned, there was not great
variability within our low-income sample. Futureigdies should utilize measures that assess
aspects of living in poverty that are not captusgeither negative life events measures or the
income-to-needs ratio, such as perceived econamsigficiency, which has been associated with
child cortisol levels (Blair et al., 2011). Secotligre are clearly many aspects of the
environment that could contribute to differencesiPA reactivity and regulation besides those
measured here. For example, Blair and colleagu¥kljZeported that the number of adult exits
from the home was associated with child cortise¢éle. Although some of the specific stressors
may be reflected in the constructs we assessedidret measure all of these potential stressors
specifically. Other stressors should be measuradhatre granular level in future studies of
children from low-income backgrounds. Third, theessor task was a test of reactivity to
psychosocial stress, which may constrain interpogtdo events that involve negative emotion
and fear of social evaluation as opposed to a palystressor (Dickerson & Kemeny, 2004).
However, as social evaluation is salient to chitdresocial groups and school contexts, this is
likely a useful context to understand stress re#ygtiFourth, the report of psychosocial stress

exposures is from parents and not children, whatsegretation is likely critical in order to



understand how the stressors are interpreted amdHesystem adapts to challenges. However,
as these children were too young to report in pr@sicand still fairly young in middle

childhood, the parent may have provided the maatrate information about the environment.
Fifth, the timing of the diurnal cortisol sampliagd potential compliance issues could have
affected our results. For example, more chaotidglfesrmay have had more difficulty with
compliance, which could have affected their diuca@tisol curves, although concurrent family
chaos did not predict diurnal cortisol slope irstbample. In addition, we asked families to
collect cortisol during the first 30 minutes, whicbuld introduce variability in cortisol levels
during that time due to the cortisol awakening oese. We attempted to limit this possible
effect by estimating 60 minutes post-awakeninguasyorning cortisol intercept, but this
variability could impact our results. Finally, atidhal longitudinal assessments on similar
cohorts are needed to understand these associatienime at different points in development.
However, we hope that these analyses prompt fldagtudinal work on specific types and
timing of stressors that may differentially affét?A responses.

These results are especially important for infoigrinterventions for children
experiencing poverty and related stressors. A tesymtematic review of psychosocial
intervention studies in children stated that 18aiut9 papers reported differences in cortisol
levels between the intervention and control groafiepugh the types of changes were
inconsistent (Slopen et al., 2014). However, af ¢he studies that included a low-risk
comparison group found evidence that the intere@engroup was similar to the low-risk group
and differed from the high-risk control group. Thtieere may be considerable plasticity even
after experiencing stressors during sensitive peributure empirical studies are needed to

follow up the current cohort and other cohorts flom-income backgrounds to understand



whether these HPA alterations that are associaitidaneschool and middle childhood stressors
persist and whether they are associated with futwetal and physical health problems. Future
research must also measure a wider variety of @mviental and social challenges experienced
by children living in poverty in order to understhime long-term effects of these critical
regulators of the HPA axis.
Conclusions

Our findings in low-income school-aged childrenongarticipated in Head Start suggest
that both developmental timing and type of psycbh@sstressors experienced may associate
with different aspects of HPA regulation. Specifigamore chaos in the home during preschool
predicted a more blunted diurnal cortisol slopeniddle childhood. In addition, greater negative
life events during preschool and more concurremilfaconflict were associated with an
increased cortisol response to psychosocial simasgddle childhood. These findings will be
important for informing interventions that seekptomote adaptive physiological regulation in

children from low-income backgrounds.
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Table 1. Participant Characteristics

M SD %

T1 Age First Session(months) 51.26 6.11

T1 Age Second Session (months) 58.73 8.28

T2 Age (months) 94.75 8.33

Female 51.2

T2 Pubertal Status (Females) 1.33 0.51

T2 Pubertal Status (Males) 1.63 0.62

Child Race/Ethnicity
Non-Hispanic White 53.7
African American 16.9
Hispanic/Latino 10.3
American Indian 0.4
Asian/Pacific Islander 0.8
Multiracial 17.8

Parent Education
Did Not Graduate High School 16.4
High School Degree or GED 29.7
Some College Courses 40.5
2-year College Degree 13.4

T1 Income-to-Needs Ratio 0.87 0.69

T2 Income-to-Needs Ratio 1.10 0.76

T1 Negative Life Events (number) 4.03 3.30

T1 Negative Life Events (sum of how 5.09 6.13

bothered across events)

T2 Negative Life Events (number) 3.23 3.33

T2 Negative Life Events (sum of how 4.45 5.73

bothered across events)

T1 Household Chaos 3.89 3.23

T2 Household Chaos 3.79 3.24

T1 Family Conflict 1.71 0.75

T2 Family Conflict 1.72 0.65

T2 Sleep Disturbance 45.35 7.09

T2 Baseline Perceived Stress 1.36 0.78

T2 Perceived Stress During Task 3.57 1.32

T2 Perceived Stress After Task 1.10 0.37

" Note. Means, standard deviations, and percentdgearticipants’ demographic information and key
variables for individuals who were included in #realyses. T1 = preschool assessment, T2 = middle
childhood assessment. GED = General Educationa¢lbpment Test (high school equivalency test in
the United States).



1 2 3 4 5 6 7 8

1. T1 Income-to-Needs --

Ratio

2. T2 Income-to-Needs  .53*** --

Ratio

3. T1 Household Chaos -.24*** -.16* -

4. T2 Household Chaos -.18** -. 26 A 2F* --

5. T1 Family Conflict -.14* -17* 2T7x*x 28xx* -

6. T2 Family Conflict -.08 - Q2% A3* A 2rxx .35%x* -

7. T1 Negative Life .00 -.04 -.02 -.02 28xx* .04 -

Events

8. T2 Negative Life -.03 -.10 -.02 19** .06 267 .36%** -
Events

9. T2 Sleep Disturbance -.07 -.08 5% 22%*% 5% 23Fr* .08 22%%%
10. T2 Tanner Score -.02 -.08 -.02 -.07 -.06 -.07 .00 .01
11. Female .00 .03 .05 .09 .01 -.02 .07 .04
12. Non-white and/or -.07 -.09 -12t -.13* .01 -.05 .02 .03
Hispanic

Table 2. Correlation Table
Note. Pearson correlation coefficients with statitsignificance indicated by #p0.10, *p< 0.05, **p
<0.01, **p < 0.001. T1 = preschool assessment, T2 = middlellobdd assessment.

Table 3
Cortisol intercept analysis

Unstandardized Unstandardized Standardized T-score

B SE B
T2 pubertal status 0.22 0.13 0.13 1.67t
T2 age -0.02 0.01 -0.18 -2.46*

This article is protected by copyright. All rights reserved.



Female 0.39 0.15 0.20 2.65**

Non-white and/or 0.19 0.15 0.10 1.30

Hispanic

T2 BMI z-score -0.23 0.08 -0.23 -3.02**
T2 sleep 0.00 0.01 -0.01 -0.13
disturbance

T1 income-to-needs 0.13 0.11 0.09 1.22

T1 negative life 0.01 0.01 0.05 0.58

events

T1 household chaos 0.00 0.03 -0.01 -0.14

T1 family conflict -0.14 0.11 -0.10 -1.27

T2 family conflict 0.23 0.12 0.15 1.86t

Statistical significance indicated by tp < 0.10,<p.05, **p < 0.01, **p < 0.001. T1 =
preschool assessment, T2 = middle childhood assegsm

Table 4 Diurnal cortisol slope analysis

Unstandardized Unstandardized Standardized T-score

B SE B
Cortisol intercept 0.48 0.06 0.50 7.53***
T2 pubertal status -0.21 0.11 -0.12 -1.81%
T2 age -0.01 0.01 -0.09 -1.34
Female -0.36 0.13 -0.19 -2.82**
Non-white and/or 0.27 0.12 0.14 2.15*
Hispanic
T2 BMI z-score -0.01 0.07 -0.01 -0.16
T2 sleep disturbance 0.00 0.01 0.00 0.00
T1 income-to-needs 0.05 0.09 0.03 0.51
T1 negative life 0.00 0.01 0.01 0.19
events
T1 household chaos 0.07 0.02 0.20 3.03**
T1 family conflict -0.06 0.10 -0.04 -0.61
T2 family conflict -0.03 0.11 -0.02 -0.30

Statistical significance indicated by tp < 0.10,<p.05, **p < 0.01, **p < 0.001. T1 =
preschool assessment, T2 = middle childhood assegsm



Table 5 Cortisol reactivity analysis
Unstandardized Unstandardized Standardized T-score

B SE B
T2 pubertal status -79.87 51.60 -0.13 -1.55
T2 age 0.77 3.71 0.02 0.21
Female -71.98 57.38 -0.10 -1.25
Non-white and/or -15.11 57.02 -0.02 -0.27 )
Hispanic S_tatls
T2 BMI z-score 26.60 31.29 0.07 ogs tical
T2 sleep disturbance ~ -18.27 4.72 034  -3g7ex  Signif
T1 income-to-needs -28.23 41.97 -0.06 -0.67 'canc
T1 negative life 11.41 5.25 0.18 217 €
events indic
T1 household chaos 17.81 10.74 0.14 166  ated
T1 family conflict -85.96 47.45 0.17 181 PYTP
T2 family conflict 137.63 50.09 0.25 2.75** S 10

*p < 0.05, *p < 0.01, **p < 0.001. T1 = preschoassessment, T2 = middle childhood
assessment.

Figure 1.
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Figure 1. Predicted diurnal salivary or free caitigvels for children in the top and bottom

guartiles on household chaos at preschool age.



Figure 2. Free cortisol levels for children in tbp and bottom quatrtiles of family conflict in
middle childhood (top graph) and negative life égen preschool (bottom graph). Cortisol
shown for males and females, excluding outliergjsidd for covariates mentioned in the data
analytic plan. Sample 1 was collected immediatedgeding the TSST stress task (0 min), and
samples 2 (20-25 min post-baseline), 3 (35-40mat-paseline), and 4 (55-60min post-baseline)
were collected after the stressor. Analyses usealander the curve (AUCI) with respect to

increase from Sample 1.



