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Abstract

Biological and social influences both shape emotion regulation. In 380 low-income children, we

testedwhether biological stress profile (cortisol) moderated the association among positive and

negative home environment factors (routines; chaos) and emotion regulation (negative lability;

positive regulation). Children (M age = 50.6, SD = 6.4 months) provided saliva samples to assess

diurnal cortisol parameters across 3 days. Parents reported on home environment and child

emotion regulation. Structural equationmodeling was used to test whether cortisol parameters

moderated associations between home environment and child emotion regulation. Results

showed that home chaoswas negatively associatedwith emotion regulation outcomes; cortisol

did not moderate the association. Child cortisol level moderated the routines-emotion

regulation association such that lack of routinewasmost strongly associatedwith poor emotion

regulation among children with lower cortisol output. Findings suggest that underlying child

stress biology may shape response to environmental influences.
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1 | INTRODUCTION

Emotion regulation is a central developmental task of early childhood

(Cole, Martin, & Dennis, 2004). Effective emotion regulation skills

encompass strategies both to reduce negative affect and to engage in

positive interaction. As such, effective emotion regulation in children

includes the abilities to calm down when upset, to understand and

verbalize one's own and others’ emotional states, and to express

emotions in a contextually appropriate manner. Emotion regulation is

influenced by interactions with the external social environment and

internal child factors suchasphysiological processes that can shapehow

a child responds to such interactions (Perry, Mackler, Calkins, & Keane,

2014). Children who develop in poverty can experience caregiving

challenges and early life stress exposure, and as a group are at risk for

emotion regulation difficulties (Evans & English, 2002; Hardaway,

Wilson, Shaw, & Dishion, 2012; Kim et al., 2013; Shonkoff et al., 2012).

Yet, not all children who grow up in poverty experience emotion

regulation problems. The current study tests how environmental and

biological factors relate to individual differences in emotion regulation

outcomes among low-income preschool-aged children. Specifically, we

examine whether child diurnal cortisol parameters moderate associa-

tions between positive and negative home environment factors and

child positive and negative emotion regulation outcomes.

2 | BIOLOGICAL STRESS REGULATION AND
CHILD EMOTION REGULATION

The limbic–hypothalamic–pituitary–adrenal (LHPA) axis is a primary

driver of the biological stress response. Under typical conditions, the
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LHPA axis is activated and causes the release of cortisol so that an

individual can actively respond to stress and then recover back to a

resting baseline as a result of feedback loops that alert the system to

stop producing cortisol when the stress has passed (Gunnar &

Vazquez, 2001). Cortisol also follows a strong diurnal circadian

pattern, marked by an early morning peak that activates the organism

to “get going” for the day and subsequent decline, reaching a nadir in

the evening hours and clearing cortisol from the system in preparation

for sleep (Buckley & Schatzberg, 2005). Early-life exposure to stress

can have lasting effects on LHPA axis functioning, based on the idea

that exposure to frequent stressors early in development can interrupt

the negative feedback loops that are used to keep this stress-response

system well-regulated (Miller, Chen, & Parker, 2011). Specifically,

chronic stress exposure can impair the ability of the LHPA axis to

recover from stress and over time, may disrupt the diurnal pattern of

cortisol secretion, resulting in atypical patterns such as lowered

morning and elevated evening cortisol levels, with potentially negative

health implications (Chrousos & Gold, 1992; Miller, Chen, &

Zhou, 2007; Nicolaides, Kyratzi, Lamprokostopoulou, Chrousos, &

Charmandari, 2015).

Biological profiles characterized by lowmorning cortisol levels and

blunted cortisol responses to stress have been found in populations

experiencing chronic stress (Gunnar & Vazquez, 2001; Heim, Ehlert, &

Hellhammer, 2000). This lowmorning/blunted stress response pattern

of cortisol secretion has been increasingly seen in association with

significant adverse life events and stress exposure (e.g., foster care

placement) in children (Bernard, Butzin-Dozier, Rittenhouse, & Dozier,

2010; Bruce, Fisher, Pears, & Levine, 2009; Kushner, Barrios, Smith, &

Dougherty, 2015). It has been suggested that for young children living

in chronically stressful family circumstances, attenuated cortisol

responses may be adaptive in the short term as they may reduce

the overall level of cortisol produced when it is not possible to escape

the situation. However, such a pattern could incur long-term

physiological costs, and therefore bemaladaptive later in development

if an individual becomes unable to mount an appropriate cortisol

response (Miller et al., 2011). Thus, low cortisol levels in young children

can be understood as an early marker of risk and may signal high

allostatic load that could negatively affect later psychosocial

functioning (Badanes, Watamura, & Hankin, 2011). In preschool-

aged samples, cumulative risks and poverty (Bernard, Hostinar, &

Dozier, 2015a; Bernard, Zwerling, & Dozier, 2015b), insensitive

parenting (Blair, Raver, Granger, Mills-Koonce, & Hibel, 2011; Suor,

Sturge-Apple, Davies, Cicchetti, & Manning, 2015; Zalewski, Lengua,

Kiff, & Fisher, 2012), and family financial strain (Badanes et al., 2011)

have been found to associate with low morning cortisol levels, flatter

diurnal cortisol slopes, and blunted reactivity to stress.

How strongly emotions are aroused and how well they are

managed under challenge are essential components of emotion

regulation. Peer social interactions are a highly salient context for the

development of emotion regulation skills during the preschool years,

as they presentmany social challenges. A child's LHPA axis functioning

may, therefore, influence emotion regulation outcomes by shaping

how the child responds to such challenges. Children who are

physiologically under-aroused may seek stimulation and therefore

act out impulsively in social contexts (van Goozen, Fairchild, Snoek, &

Harold, 2007), whereas children who are over-aroused may have

difficulty controlling emotional outbursts. Such behaviorsmay result in

negative peer interactions and over time, impair psychosocial

functioning if emotions and behaviors are not well-managed (Kim-

Spoon, Cicchetti, & Rogosch, 2013). Findings regarding cortisol,

emotions, and psychosocial outcomes in children are somewhatmixed,

with evidence for associations of both lower cortisol and higher

cortisol with behavior problems over time (Gunnar & Vazquez, 2006)

possibly through different pathways (Strüber, Strüber, & Roth, 2014).

In middle-income preschool-aged children, flatter diurnal cortisol

profiles in the context of peer conflict have been found among children

with a history of maltreatment, whereas higher cortisol levels in peer

conflict contexts were associated with greater social competence

among all children (Hart, Gunnar, & Cicchetti, 1995). Other work has

found higher cortisol levels among temperamentally surgent children

who are actively engaged with getting to know new peers (Gunnar,

Tout, de Haan, Pierce, & Stansbury, 1997). Although not conclusive,

findings suggest that cortisol activation may be important in helping a

child navigate social challenges in an adaptive manner, whereas lower

cortisol levels may indicate lack of engagement, under-arousal, or high

allostatic load, with possible links to poorer subsequent psychosocial

functioning (Badanes et al., 2011; Tyrka et al., 2012).

Amoderate, versus blunted, level of reactivity in the LHPA system

in response to challenge has also been associatedwith better cognitive

functioning and self-regulation, skills that are important for regulating

emotional responses (Blair, Granger, & Peters Razza, 2005). Cortisol

may be needed to up-regulate the organism's hormonal responses to

effectively manage cognitive, social, and emotional challenges (Blair

et al., 2005; Erickson, Drevets, & Schulkin, 2003). As cognitive

reappraisal and attentional refocusing skills are central features of

effective emotion regulation strategies (Gross & John, 2003), blunted

cortisol may limit a child's capacity to engage in such strategies. Failure

to produce an early morning cortisol peak in particular may hinder a

child's ability to mobilize energy and activate receptors on specific

brain regions that are essential for exploration and learning

consolidation (de Kloet, Oitzl, & Joels, 1999). Taken together,

biological stress regulation, perhaps specifically low-cortisol produc-

tion, may be associated with poorer overall emotion regulation in

children, both with regard to the capacity to engage cognitive

strategies to manage emotions and behavioral manifestations of

poorly controlled emotion expression.

3 | CORTISOL AS A MODERATOR OF
ENVIRONMENTAL INFLUENCES

Although early life stress is generally associated with poorer child

outcomes, not all children are similarly affected. Developmental

psychopathology frameworks suggest that biological factors shape the

way children respond to environmental stressors, with implications for

later adjustment (Gunnar & Vazquez, 2006; Zuckerman, 1999). Prior

work testing such diathesis-stress models has found that child
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biological stress response interacts with exposure to harsh environ-

ments to predict dysfunction. One such study in a community-based

sample of preschool-aged children tested cortisol reactivity to

challenge as a moderator of associations between stressful life events

and behavior problems and found associations of stressful life events

and externalizing symptoms among children who showed blunted

cortisol responses to challenge, but no association for children with

higher cortisol reactivity (Kushner et al., 2015). Among low-income

preschoolers, children with more blunted diurnal cortisol patterns had

more internalizing symptoms when they experienced stressors

(Badanes et al., 2011). Another study examining diurnal cortisol

pattern as a moderator of associations between parent depressive

symptomatology and child behavior problems found that as parents’

depressive symptoms increased, child internalizing and externalizing

symptoms increased only among children with elevated evening

cortisol levels (Laurent et al., 2013). Findings suggest cortisol may

moderate associations between environmental risk factors and child

social-emotional outcomes. Yet, limited work has considered environ-

mental supports as well as adversity in relation to cortisol or assessed

child outcomes along a continuum ranging from dysfunction to

competence, not just dysfunction or its absence. Therefore, an

additional goal of the current study was to examine positive and

negative aspects of the home environment in relation to positive and

negative child emotion regulation outcomes, and to test whether child

cortisol moderated these associations.

4 | TWO ASPECTS OF THE HOME
ENVIRONMENT: CHAOS AND ROUTINE

Instability is a hallmark of poverty that can create stress for young

children, who thrive under structured and stable conditions (Ackerman

& Brown, 2010; Osborne & McLanahan, 2007). Families who struggle

financially often have unpredictable incomes and work schedules (or

are unemployed), and may experience residential instability. Such

circumstances can lead to environmental chaos in the home, including

household crowding (e.g., many people to a bedroom), presence of

disorder, and high noise levels (Evans & English, 2002). Particularly

during early childhood, environmental chaos has been associated with

impairments in child mental and general physical health (Chen, Cohen,

& Miller, 2010; Coley, Lynch, & Kull, 2015; Deater-Deckard et al.,

2009). Chaos at home has also been associated with emotion

regulation difficulties in children (Fiese & Winter, 2010; Hardaway

et al., 2012).

The mere absence of home chaos may not be enough to be

protective for children, however, particularly children with altered

stress biology. Parents are powerful regulators of child stress

responses and formative influences on early emotion regulation,

with much of this influence operating through parent–child

interactions. Family routines, which are characterized by regularly

occurring, predictable, and comforting interactions with a parent or

caregiver (Spagnola & Fiese, 2007), can serve as a foundational

structure for healthy child development. Routines have been proposed

as a mechanism that supports early childhood emotion regulation

(Bridley & Jordan, 2012; Ferretti & Bub, 2014; Zajicek-Farber, Mayer,

&Daughtery, 2012) aswell as general well-being and health (Anderson

& Whitaker, 2010; Henderson, Barry, Bader, & Jordan, 2011). Yet,

routines may not have the same effect for all children in part due to

individual differences (Spagnola & Fiese, 2007; Wilson et al., 2014).

Child factors such as difficult temperament (Churchill & Stoneman,

2004; Spagnola & Fiese, 2007; Wilson et al., 2014) or sex (Churchill &

Stoneman, 2004; Ferretti & Bub, 2014) may drive the ease of

establishing routines and also the effectiveness of routines in

promoting positive outcomes. Given that children with high tempera-

mental difficulty or poorly regulated psychobiology are at risk for

developing maladaptive parent–child interaction patterns over time

(Spagnola & Fiese, 2007; Sprunger, Boyce, & Gaines, 1985), such

childrenmay also bemost in need of family routines. The current study

therefore examines child cortisol as a moderator of response to both

positive (i.e., routines) and negative (i.e., chaos) home environmental

inputs among low-income preschool-aged children.

5 | AIMS AND HYPOTHESES

The aim of the current study was to test whether child cortisol

moderated the association of positive and negative home environment

factors and emotion regulation outcomes in a sample of preschool-age

children from low-income families. We tested cortisol (morning level

and decline across the day) as a moderator of the association between

home environment and child emotion regulation. In each model, we

considered negative as well as positive home environment factors (i.e.,

chaos, routine), and negative as well as positive aspects of child

emotion regulation (i.e., negative lability, positive regulation capacity).

We hypothesized that there would be main effects of home

environment on child cortisol and emotion regulation such that

more chaotic home environment and infrequent routines would relate

to lower morning cortisol levels and flatter declines across the day,

higher negative lability, and lower positive regulation. We also

hypothesized that lower morning cortisol level and flatter decline

across the day would associate with higher negative lability and lower

positive regulation. We further hypothesized a moderating role of

cortisol such that the associations between home environment factors

and emotion regulation outcomes would be stronger for children with

lower morning cortisol levels and flatter declines across the day

compared to children with higher morning cortisol levels and steeper

declines across the day.

6 | METHODS

6.1 | Participants

Participants were 380 preschool-aged children in the Midwest United

Stateswhowere attendingHead Start, which is a free, federally funded

preschool program for low-income children. Children and their primary
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caregiver/legal guardian (referred to henceforth as “parent”) were

recruited through “backpack mail” at Head Start; parents were asked

to complete and return a demographic form and were compensated

$10 for returning the form and providing contact information. After

this, parents were contacted to assess whether they would be

interested and eligible to participate. Exclusion criteria were as

follows: parent with >4 year college degree; parent or child not

English-speaking; child in foster care, with food allergies, significant

medical problems, or perinatal complications, gestational age <35

weeks, or use of medication known or hypothesized to affect cortisol.

The study was approved by the University [blinded] Institutional

Review Board.

Childrenwere an average of 50.6months old (SD = 6.4); 50%were

male. Regarding race/ethnicity, 56% of children were non-Hispanic

White; 15% were African-American; 11% were Hispanic/Latino; and

17% were Biracial/Other (1% Asian or Native American). Of parents,

35%were single parents; 16% did not graduate from high school, 24%

had a high school degree, 8% had a Generalized Equivalency Diploma

(GED), 40% had taken some college courses, and 12% had a 2-year

college degree. A study inclusion criterion was that the family was

enrolled in Head Start and the poverty threshold was $21,954/year–

$23,021/year for a family of four between 2009 and 2011, when the

data were collected (https://aspe.hhs.gov/2009-hhs-poverty-

guidelines; retrieved February 10, 2016). Mean family income-to-

needs ratio was .87 (SD = .77), confirming the sample was low-income.

Missing data were handled with full information maximum

likelihood (FIML) estimation in structural equation modeling, resulting

in 380 children for analyses. Among the 380 children, missing data

percentages for study variables ranged from 0% to 3%. The result of

Little's Chi-Square Test of MCAR, χ2 (17) = 13.41, p =.71, implied that

the data were missing completely at random (Little, 1988).

6.2 | Procedure

Parents provided written informed consent and age appropriate

assent was obtained from children; families were compensated for

their time. Bachelors-level research assistants administered all

questionnaires individually to parents and collected saliva samples

from children. Details are described below.

6.3 | Cortisol measures

6.3.1 | Cortisol

To assess cortisol, saliva samples were gathered by the research

assistants on three weekdays, three times per day (on arrival to

preschool, before breakfast, about 8:30 am; before lunch, about

11 am; and about 3:30 pm). Children provided the samples by chewing

on a braided cotton dental roll until saturated (passive drool methods

were used for the six children who did not wish to chew on the cotton;

1.6%of the sample). Parents reported for each sample daywhether the

child had used any medication, was ill (fever, vomiting), whether it had

been an unusually good or bad day, as well as the time the child woke

that day and whether it was the usual time. Parents (or Head Start

teachers as appropriate) were also askedwhether the child had napped

or eaten prior to each saliva sample. All saliva samples were stored at

−20 °C until extracted and assayed for cortisol in duplicate using an

Expanded Range High Sensitivity Salivary Cortisol Enzyme Immuno-

assay Kit (Salimetrics LLC, Carlsbad, CA) with a detection limit of

.003 µg/dl. Inter-assay coefficient of variation was 5.5% and intra-

assay coefficient of variation was 4.6%.

Data cleaning for cortisol values were as follows: values were

excluded if the child had taken a medication known to affect cortisol

on the sampling day; if the values were >3 SD's from the sample mean

for that timepoint; or if values were >2 SD's from the sample mean and

an unusual circumstance or event was reported (e.g., child had the flu).

Only 66 of the 3,010 samples assayed (2.2%) were excluded for the

above reasons. Children who had at least five valid cortisol points

across at least 2 days were included in the analysis (mean number of

data points per child = 8.4, SD = 1.2).

The saliva sample was collected in the morning at a mean of 1.5 hr

(SD = .6) after awakening, before lunch at a mean of 3.9 hr (SD = .6)

after awakening, and in the afternoon at amean of 8.5 hr (SD = .8) after

awakening. Collection log data (i.e., medication use, illness, unusually

good or bad events, exact time of morning awakening and if it was the

usual time, napping or eating prior to saliva sampling) were not

associated with cortisol diurnal pattern and were thus not used as

covariates.

6.4 | Questionnaire measures

Parents completed a series of questionnaires to assess demographic

covariates, home environment (chaos and routine), and child emotion

regulation (negative lability and positive regulation).

6.4.1 | Demographic covariates

Parents reported children's sex, birthdate (from which age at

assessment was calculated), race/ethnicity (categorized for this report

as non-Hispanic White vs. not), primary caregiver education (high

school graduate or less vs. more than high school), and family structure

(single parent vs. not).

6.4.2 | Home environment

Parents completed the 15-item Chaos, Hubbub, and Order Scale

(CHAOS) (Matheny,Wachs, Ludwig, & Phillips, 1995) to assess the level

of general chaos in the home. Parents responded to a series of

statements to indicate whether the statement is true or false for their

home environment (e.g., “There is often a fuss going on at our home”;

“You can’t hear yourself think in our home”). Items were summed to

create a total score where a higher score indicates greater home chaos

(Cronbach's alpha = .80). Parents completed the 14-itemChild Routines

Inventory (Jordan, 2003) to assess how regularly the child engaged in

family routines that involve interaction with or supervision by a parent

(e.g., eating together; spending time reading/talking with parent; doing

the sameactivities prior tobedtime; getting ready in themorning; saying

good bye; completing age-appropriate chores), on a 5-point scale (from

0 = “never” to 4 = “nearly always”). The sumof responseswas calculated

to generate a summary routines scale where higher scores indicate

greater presence of routines (Cronbach's alpha = .70).
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6.4.3 | Emotion regulation

The 24-item Emotion Regulation Checklist [ERC; Shields and Cicchetti

(1997)] was used to assess two aspects of child emotion regulation.

Parents rated on a 4-point scale how characteristic each item was of

their child. The Negative Lability subscale reflects the intensity of the

child's anger and other negative emotions (16 items; e.g., “is easily

frustrated”, Cronbach's alpha = .82). The Positive Regulation subscale

reflects the child's ability to understand others’ emotional states, show

empathy, and use words versus actions to express emotions (7 items,

e.g., “can say when he or she is feeling sad, mad, or afraid”; Cronbach's

alpha = .64). [One ERC item was deleted due to ambiguous wording as

in prior work (Miller et al., 2006).] Higher scores reflect greater

endorsement of each construct.

6.5 | Analytic strategy

Given that diurnal cortisol output follows a documented patternwhere

cortisol increases after morning awakening, reaching a peak usually

within the first 30min and afterwards decaying exponentially across

the day, we used hierarchical linear modeling (HLM) to generate

random parameters to capture individual diurnal cortisol curves for

each participant using the restricted maximum likelihood method

(REML) as in prior work (Lumeng et al., 2014). The HLM approach is a

powerful modeling technique for estimating individual trajectories,

provided that trajectories have a known parametric form (e.g. linear,

log-linear, quadratic) (Hruschka, Kohrt, & Worthman, 2005) and it can

account for the time differential in the measurement of cortisol when

sampling times are not identical, in a direct way using the parametric

function of the known diurnal cortisol pattern. Using log-transformed

cortisol as the outcome and the number of minutes sincewaking as the

independent variable, the diurnal cortisol pattern is linear on time in a

log-scale (for time ≥60min) and can be captured by two parameters,

intercept and slope. In the current study, we therefore used HLMwith

random intercept and slope on log-transformed cortisol values as the

outcome and the number of minutes since waking at the time of

sample collection as the independent variable to estimate the random

intercept and random slope. The random intercept is an estimate of the

expected cortisol level at 60min after awakening for a given individual,

and the random slope is the expected rate of decay of cortisol after

60min post-awakening, and together they capture the diurnal cortisol

pattern of an individual.We ran themodel testing whether sample day

contributed to the prediction, and it did not (p = .42), so we did not

include day as a predictor in the HLM model. Each cortisol sample for

each day is included in the model with the corresponding time since

waking based on wake up time that particular day, and time that

sample was taken. Random effect parameters thus estimated the

child's expected cortisol pattern over the three sample days. The

random intercept and slope estimates from the HLM analysis were

then used as individual-level predictor variables for all subsequent

analyses predicting negative lability and positive regulation.

We ran descriptive statistics and bivariate correlations to describe

the sample in terms of predictor and outcome variables. We examined

the two indicators of diurnal cortisol pattern, intercept (morning

cortisol level) and slope (rate of decline across the day) as moderators

of the association between the two home environment factors and the

two emotion regulation outcomes. A set of path models was tested to

examine these cortisol variables as moderators of the association

between each positive and negative home environment factor and

emotion regulation outcomes. For all analyses, structural equation

modeling (SEM) was conducted using AMOS 22 (Arbuckle, 2013) to

allow simultaneous estimation of covariance between the predictors

and between the dependent variables.Model fit was assessedwith the

comparative fit index (CFI) and the root mean square of approximation

(RMSEA). CFI greater than .90 indicates reasonably good fit and

RMSEA less than .05 with upper bounds not exceeding .10 indicates

close fit (Hu & Bentler, 1999). We ran two separate SEM models, one

with family routine as a positive environmental factor and the other

with home chaos as a negative environmental factor predicting child

emotion regulation outcomes. Children's negative lability and positive

regulation were entered simultaneously as dependent variables for

each model and were allowed to covary. Children's age, sex, and race/

ethnicity (non-Hispanic White vs. not), maternal education (high

school graduate or less vs. more than high school), and family structure

(single parent vs. not) were included as covariates in both models. We

followed the analytic strategy used in prior work (Morgan, Shaw, &

Olino, 2012) which tested interactions between a child factor and two

types of environments in predicting two types of outcomes. We

created 2-way interaction terms (e.g., cortisol intercept × home chaos)

by multiplying one cortisol factor (i.e., morning cortisol intercept,

cortisol slope) and one environmental factor (i.e., home chaos, family

routine) after centering them. Significant 2-way interactions were

explored following recommendations (Aiken, West, & Reno, 1991) for

testing and plotting simple slopes at 1 SD below (low) and 1 SD above

(high) the mean of the moderating variable (i.e., morning cortisol

intercept or cortisol slope).

7 | RESULTS

7.1 | Descriptive statistics and bivariate correlations

We conducted descriptive statistics and examined zero-order

correlations among all study variables (Table 1). Lower morning

cortisol intercept was associated with more home chaos and higher

child negative lability. More regular routines were related to less child

negative lability and greater positive regulation. Higher chaos was

related to higher negative lability and lower positive regulation. Finally,

routines and chaos were inversely associated, as were negative lability

and positive regulation. Among the demographic variables, child age

was positively related to positive regulation, mothers’ education was

positively related to positive regulation and inversely related to

negative lability, and single-parent status was related to higher

morning cortisol intercept.

7.2 | Descriptive analysis of cortisol pattern

Figure 1 presents the overall cortisol pattern for the sample, with

values representing the estimated cortisol level at 1 hr since waking
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(morning sample), 4 hr since waking (midday sample), and 8 hr since

waking (afternoon sample). We tested for differences in estimated

cortisol levels between the different timepoints and found a significant

decline between estimated morning and midday intercepts (morning

M = .18 μg/dl, SE.005; midday M = .14 μg/dl, SE.004), p < .001, and

between midday and afternoon intercepts (afternoon M = .10 μg/dl,

SE.003), p < .001.

7.3 | Moderation analysis

We examined unique contributions of diurnal cortisol pattern and

home environment factors to children's negative lability and positive

regulation, and the interactions between home environment factors

and cortisol pattern, controlling for child age, sex, race/ethnicity,

mothers’ education, and family structure.

The routine model included morning cortisol intercept, cortisol

slope, family routine, and the interactions of cortisol parameters and

family routine (adjusted for covariates). It had a good fit to the data, χ2

(33) = 38.47, p = .24, CFI = .98, RMSEA = .02, CI = .00–.05 (Table 2).

Lower levels of routine and lower morning cortisol intercept were

associated with higher negative lability (14% of total variance

explained), and there was a significant interaction between morning

cortisol intercept and routine. The simple slope analysis (Figure 2)

revealed that for children with a low morning cortisol intercept, lower

routine was related to higher negative lability (b = −.03, se =.01,

t = −4.39, p < .001). Routine was only marginally related to negative

lability for children with a high morning cortisol intercept (b = −.01,

se = .01, t = −1.80, p < .10). Higher routine, higher morning cortisol

intercept, and steeper cortisol slope (indicated by lower value of slope)

were related to higher positive regulation (16% of total variance

explained). The interaction between morning cortisol intercept and

routine was also significant. The simple slope analysis (Figure 3)

showed that lower routine was associated with lower positive

regulation more strongly in children with a lower morning cortisol

intercept (b = .03, se = .01, t = 5.31, p < .001) compared to childrenwith

a higher morning cortisol intercept (b = .01, se = .005, t = 2.39, p < .05).

The chaos model included morning cortisol intercept, cortisol

slope, home chaos, and the interactions of cortisol pattern and home

chaos (adjusted for covariates) and also had a good fit to the data, χ2

(33) = 49.91, p = .03; CFI = .94; RMSEA = .04; CI = .01–.06 (Table 3).

Greater home chaos predicted higher negative lability (19% of total

variance explained), whereas lower home chaos predicted higher

positive regulation (17% of total variance explained). None of the

interactions between cortisol and chaos predicted negative lability or

positive regulation.

To examine whether findings were due to morning cortisol

intercept or cortisol values across the day, we also re-ran each model

TABLE 1 Descriptive statistics and bivariate correlations among study variables (n = 380)

1 2 3 4 5 6 7 8 9 10 M (SD) or N (%)

1. Child age 50.64 (6.35)

2. Child sex −.01 190 (50%) male

3. Child race/ethnicity −.06 −.04 212 (56%) non-Hispanic
white

4. Maternal education .08 −.07 −.09 184 (48.4%) ≤ high
school

5. Family structure −.03 −.05 −.26** −.03 134 (35.4%) single
parent

6. Morning cortisol
intercept

−.10 −.06 .10 .02 .11* .19 (.07) μg/dl

7. Cortisol slope −.09 .04 −.06 −.02 −.09 .20** −.07 (.03) μg/dl/hr

8. Routine −.01 −.02 −.004 .04 −.09 .01 .05 45.46 (6.18)

9. Chaos −.01 −.02 −.10 −.06 −.04 −.13* .07 −.25** 4.10 (3.26)

10. Negative lability −.08 −.07 −.10 −.21** −.03 −.11* .004 −.24** .38** 1.97 (.49)

11. Positive regulation .17** .07 −.03 .17** −.03 .09 −.06 .28** −.32** −.44** 3.52 (.40)

Cortisol slope and intercept are both estimated. Child sex 1 = boy, 2 = girl; child race/ethnicity 0 = non-Hispanic White, 1 = others; maternal education
0 = high school graduate or less, 1 =more than high school; family structure 0 = single parent, 1 = non-single parent; N and % are reported for these
categorical variables.
% are reported for these categorical variables.
*p < .05, **p < .01.

FIGURE 1 Estimated cortisol intercepts across the day. Error bars
represent confidence intervals for each timepoint
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to investigate whether morning cortisol level specifically or cortisol

intercept at other time points (midday or afternoon) predicted emotion

regulation outcomes. We found that the main effects and interactions

with the intercept at other time points (midday and afternoon) were

almost identical to the original results with the morning intercept.

Thus, although it makes sense physiologically tomodel the intercept as

the morning cortisol level when characterizing the diurnal cortisol

pattern, low cortisol level across the day appears to be driving the

finding.

Finally, although children were nested within classrooms, we had

classroom data only for a subset (n = 330). We used MPlus software

version 6.1 (Muthén & Muthén, 1998–2012) to run all models

accounting for clustering by classroom on the subset of the sample

with classroom data and again without clustering on the subset of 330

children. The pattern of findings was unchanged (see Supplementary

Materials for Tables 4 and 5 with clustered results).

8 | DISCUSSION

The current study examined positive and negative aspects of

environmental influence (home chaos and family routines) in relation

to two aspects of emotion regulation (negative lability and positive

regulation) in low-income children, and tested cortisol parameters as

moderators of these associations. Therewere associations in expected

directions among cortisol parameters (morning level and daily decline),

home environment factors, and child emotion regulation outcomes.

Home chaos was associated with poor emotion regulation—both

greater negative lability and less positive regulation—for all children

regardless of diurnal cortisol profile. Child cortisol level moderated the

association between family routines and child emotion regulation such

that the lack of regular routines was most strongly associated with

poorer emotion regulation outcomes among children with lower

cortisol levels across the day. Results contribute to a growing literature

and increasing recognition of understanding and modeling how stress

biologymaymoderate child response to environmental inputs and also

emphasize the need to consider both positive and negative aspects of

the home environment in such models.

Themain effect of chaos on child emotion regulationwas negative

and powerful regardless of child stress biology. Exposure to chaos and

other stressors associatedwith poverty can exert a lasting influence by

affecting multiple behavioral and brain pathways and biological

systems that undergo rapid development early in life, are vital for

long-term functioning, and likely influence emotion regulation

(Charmandari, Kino, Souvatzoglou, & Chrousos, 2003; Nelson,

2013). Our finding that chaos was associated with greater negative

lability and poorer positive regulation is consistent with prior literature

examining chaotic home environments and child emotions, which

suggests that growing up in a chaotic home may compromise the

development of effective emotion regulation skills (Coley et al., 2015;

Deater-Deckard et al., 2009; Fiese &Winter, 2010; Valiente, Lemery-

Chalfant, & Reiser, 2007). Specifically, a chaotic household may

increase a child's negative lability by presenting frequent emotion

regulation challenges under conditions of uncertainty, resulting in the

child expressing high-intensity negative affect or frustration in

TABLE 2 Interaction of cortisol and routines predicting negative
lability and positive regulation

β t p

Negative lability (N = 380)

Morning cortisol intercept −.12 −2.36 .02

Cortisol slope .03 0.79 .43

Routines −.24 −4.97 .00

Morning cortisol intercept × routines .11 2.02 .04

Cortisol slope × routines −.06 −1.06 .29

Positive regulation (N = 380)

Morning cortisol intercept .13 2.67 .01

Cortisol slope −.10 −1.98 .04

Routines .29 5.95 .00

Morning cortisol intercept × routines −.12 −2.29 .02

Cortisol slope × routines .05 1.01 .31

χ2 (33) = 38.47, p = .24; CFI = .98; RMSEA = .02; CI = .00–.05. Child age, sex,
race/ethnicity, maternal education, and family structure are included in the
models.

FIGURE 2 Interaction of morning cortisol intercept and routine on negative lability. The slope for low cortisol intercept (solid line) is
significantly different from zero, b = −.03 (.01), t = −4.39, p < .001, but the slope for high intercept (dashed line) is only marginally significant,
b = −.01 (.01), t = −1.80, p < .10
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response to any given event in order to be noticed and/or due to a lack

of information about what to anticipate next. As well, a chaotic

household may offer limited opportunities to practice positive

regulation skills, which develop optimally under predictable circum-

stances that allow a child to anticipate challenges and generate

emotional responses that are appropriate to the situation, particularly

when they do involve negative affect or frustration. Poorer child

cognitive and verbal skills, which are important for positive regulation

as they underlie many effective emotion regulation strategies such as

understanding others’ emotions have also been found in association

with household chaos (Johnson, Martin, Brooks-Gunn, & Petrill, 2008;

Petrill, Pike, Price, & Plomin, 2004). In addition to the direct effects on

child functioning, parent effortful control (Valiente et al., 2007) and

executive functioning skills (Deater-Deckard, Wang, Chen, & Bell,

2012) have been proposed as indirect pathways through which chaos

may affect child emotion regulation. Raising young children is

challenging under the best of conditions; understanding that poverty

increases cognitive load and can impair executive functioning in adults

and children (Mani, Mullainathan, Shafir, & Zhao, 2013) provides a

context for the multiple burdens faced by low-income parents

attempting to manage emotion socialization in their young children.

Articulating how chaos may influence both child and parent

functioning is an important direction for future work.

In contrast to chaos, associations between family routines and

child emotion regulation outcomes were moderated by child cortisol

level. Among children with a low cortisol level, lack of family routines

was associated with poorer emotion regulation outcomes, whereas

the presence of family routines was associated with greater positive

emotion regulation capacity and less negative lability for these

children. Low cortisol has been found in children with stressful

caregiving histories and may occur as a result of poor or limited early

co-regulation of challenging emotional experiences (Badanes et al.,

2011; Gunnar & Vazquez, 2006). The current study further suggests

that at least during the preschool years, household chaos is

associated with low cortisol level and that the quality of family

routines matters for children with this profile in terms of their

emotion regulation outcomes. Results are generally consistent with

prior findings that routines were associated with positive child

emotion regulation in a large study of low-income families (Zajicek-

Farber et al., 2012), and also with research suggesting that child

factors may drive the effectiveness of and/or need for routines. For

example, routines were associated with fewer internalizing behavior

problems primarily for children who experienced high daily hassles

(Bridley & Jordan, 2012), and bedtime routines were associated with

fewer sleep problems among children who had a more difficult

compared to an easier temperament (Wilson et al., 2014). The

current study extends such findings by identifying a biological profile

—low cortisol level—that may signal high allostatic load as a result of

prior stress exposure (Badanes et al., 2011) and may also shape child

response to routines. Particularly for children whose LHPA axes

secrete less cortisol, structured routines may be necessary to

promote emotion regulation capacities. Regular routines may help

such children learn how to control negative behavioral outbursts and

manage their emotions in productive ways by reducing uncertainty

in the environment and providing clear expectations for behavior

(Ferretti & Bub, 2014).

FIGURE 3 Interaction of morning cortisol intercept and routine on positive regulation. Both slopes for low and high cortisol intercept are
significantly different from zero, but the slope for low intercept (solid line), b = .03 (01), t = 5.31, p < .001, is steeper than the slope for high
intercept (dashed line), b = .01 (.005), t = 2.39, p < .05

TABLE 3 Main effect of chaos predicting negative lability and
positive regulation

β t p

Negative lability (N = 380)

Morning cortisol intercept −.06 −1.21 .23

Cortisol slope −.01 −0.37 .71

Chaos .36 7.55 .00

Morning cortisol intercept × chaos .003 0.02 .99

Cortisol slope × chaos .01 0.35 .73

Positive regulation (N = 380)

Morning cortisol intercept .04 1.60 .11

Cortisol slope −.08 −1.13 .26

Chaos −.26 −6.28 .00

Morning cortisol intercept × chaos −.04 −0.46 .64

Cortisol slope × chaos −.05 −1.42 .16

χ2 (33) = 49.91, p = .03; CFI = .94; RMSEA = .04; CI = .01–.06. Child age, sex,
race/ethnicity, maternal education, and family structure are included in the
models.
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The current study found different patterns of association between

positive and negative aspects of the home environment and child

functioning. Routines and chaos may operate somewhat differently in

part due to the role of caregiving relationships. Supportive social

relationships that provide a predictable structure are essential for

effective biological stress regulation (Gunnar & Donzella, 2002;

Strüber et al., 2014). Routines as measured in the current study are

characterized by the regularity of such one-on-one interactions with a

caregiver, often in the context of a bedtime or other activity that can

involve caring engagement or at least attention, as well as general

expectations for behavior such as age-appropriate chores (e.g., putting

toys away) (Jordan, 2003). Routinesmay, therefore, function to reduce

negative lability by providing a calming context, and foster positive

regulation skills (e.g., using emotion words to express feelings) by

offering opportunities for the child to talk with the caregiver or see

examples of regulation (e.g., in storybooks). In contrast, chaos

represents a general level of disorganization, noise, and crowding at

a household level that may reflect processes outside of the caregiving

relationship (and possibly out of the caregiver's control). Routines and

chaos were negatively correlated but only moderately so, suggesting

these constructs capture different aspects of home environment.

Thus, finding ways to regularly engage in routine parent–child

interactions even in the context of chaos may benefit children. For

example, in the context of environments that present significant

challenges to carve out time/space to read, establishing predictable

routines focused on brief greeting and departure or bedtime rituals

may be most beneficial. If children who are physiologically under-

aroused are difficult to engage in routines, their parents may need

additional support to tailor routines to meet child needs (Henderson

et al., 2011; Spagnola & Fiese, 2007). Yet, it may be particularly

important to make these efforts in order to foster positive emotion

regulation outcomes for these children (Strüber et al., 2014). As this

physiological pattern may have emerged as a short-term adaptation to

stress (Badanes et al., 2011), children with this profile who are not

exposed to routines in the family context could experience increased

emotion regulation difficulties over time as they enter new social

settings, for example, when interacting with preschool peers.

Finally, the current study considered both negative lability and

positive regulation as aspects of emotion regulation. Negative lability

indicates an inflexibility in emotion expression and dysregulation in

mood, which can create difficulties when a child is facing challenge

(Kim-Spoon et al., 2013). Positive regulation, on the other hand,

reflects howwell children engagewith others and express situationally

appropriate affect, emotional awareness, and empathy, skills that are

essential for developing broader social competence (Shields &

Cicchetti, 1997). Although these two components are often negatively

correlated with each other (r = −.44 in the current study), both are

important andmustwork in tandem for effective emotion regulation in

new settings. Negative lability and positive regulation can have

different implications for children's social interactions with peers. For

example, children who are highly labile may have a strong emotional

reaction to amild peer stimulus (e.g., an accidental knocking-down of a

block tower). Such a child who has practiced positive emotion

regulation strategies may be able to appropriately express his or her

frustration using words, whereas a child with fewer positive regulation

skills may engage in aggression and the event could become a larger

conflict. In contrast, although children who are less labile may not

enter into as many overt conflicts, if they also lack positive regulation

skills they may miss out on opportunities to practice peer negotiation,

which is important for building empathy and perspective-taking

capacity (Ashiabi, 2007). Positive emotion regulation strategies are a

key mediator of associations between early stress exposure and later

functioning (Kim et al., 2013; Liberzon et al., 2015). Early emotion

regulation difficulties (most often, difficulties with negative lability) are

associated with later behavior problems (Hill, Degnan, Calkins, &

Keane, 2006) and can impede school readiness (Graziano, Reavis,

Keane, & Calkins, 2007; Ursache, Blair, & Raver, 2012). Promoting

emotion regulation skills in both areas can therefore benefit children

throughout development.

9 | LIMITATIONS

As with all studies, ours had limitations. The sample was a low-income

group of preschool children attending Head Start, so findings may not

generalize to all preschool-aged children and families. It is equally

important to note that this sample was also not in extreme poverty

from a global perspective (e.g., less than $1.25 per day), nor was it

selected as a samplewith an extreme-deprivation or abuse history. The

sample was drawn from towns in the rural and “rust belt” Midwest

United States, and families where a parent had completed a college

degree were excluded. Therefore, although there was a range of race/

ethnicity and family structure among the participants, on average

these families were facing notable adversity with regard to income and

available opportunity structures in their communities. Our range of

home environments may thus also have been somewhat constrained

given that poverty can be associated with chaos and instability, so we

may not have been able to detect a full range of possible promotive

influences. It is important to note that chaos, routines, and emotion

regulation were measured using parent report, thus some associations

may be inflated due to shared method variance. Using direct

assessments of child emotion regulation or observations of home

environment would be helpful. We did not measure other cortisol

parameters such as the awakening response or evening levels, and

thus only captured a portion of the diurnal rhythm. As well, given that

the morning cortisol sample was collected upon arrival to school, this

sample may have reflected the home environment more directly than

the other samples. Cortisol levels at home can differ from cortisol

levels at school and the cortisol parameters in the current study may

reflect both home and school influences. However, as we did not have

measures of classroom environment quality, whichmay influence both

cortisol and emotion regulation, we cannot articulate the nature of

such potential associations in this study. Finally, these datawere cross-

sectional and thus it is not possible to draw causal inferences regarding

directional effects. Given that there are likely bidirectional associa-

tions between home environment, cortisol, and emotion regulation,

longitudinal as well as experimental work (e.g., interventions) would be

an important next step.
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10 | CONCLUSION

Poverty affects approximately one in five children in the United States

(Jiang, Ekono, & Skinner, 2013) and can have a lasting negative impact

on child development. Identifying how individual differences in child

biological stress regulation interact with home environmental factors

in the context of poverty informs our understanding of emotion

regulation development under conditions of risk. Both home chaos

and family routines may shape child emotion regulation, and routines

may be particularly important for children with altered stress biology.

Assessing how biology may shape response to environmental

influences is an important step in determining how best to foster

positive emotion regulation outcomes for children.
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