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Poverty and single parent status, which often co-occur, have been
shown to relate to lower effortful control, and this may be in part
due to disruptions in hypothalamic–pituitary–adrenal (HPA) axis
activity. Both poverty and single parent status may compromise
parenting, which in turn may disrupt HPA axis activity and the
development of effortful control. We examined whether parenting
and HPA axis activity accounted for the effects of poverty and
single parent status on the development of effortful control in
preschool children (N=78). Effortful control was measured at two
time points, 6months apart. Individually, poverty and single parent
status were related to blunted HPA axis activity, characterized by
low AM and PM cortisol. However, when examined together, the
effects were present only for preschoolers whose parents were in
poverty. Parental warmth and negativity accounted for the relations
between poverty and blunted cortisol. Blunted cortisol was related
to lower effortful control at Time 2. These results suggest a pathway
through which poverty may impact children’s developing effortful
control through parenting, which in turn may shape HPA axis
activity. Copyright © 2012 John Wiley & Sons, Ltd.
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Chronically stressful environments place demands on an individual’s stress
response system. Physiological adaptation to stress is necessary for survival, a
phenomenon known as allostasis, defined as the maintenance of stability through
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change (McEwen, 1998). However, if this physiological adaptive process occurs for
too long because of living in a chronically stressful environment, allostasis may
ultimately be damaging to the individual’s physical or mental health, a process
termed allostatic load.

Living in poverty presents a chronically stressful context affecting millions of
children in the USA each year (DeNavas-Walt, Proctor & Smith, 2010). As allostatic
load would suggest that chronic stressors relate to poorer mental health outcomes,
living in poverty is repeatedly shown to relate to greater adjustment problems in
children (Ackerman, Brown, & Izard, 2004; Duncan, Brooks-Gunn, & Klebanov,
1994; Leventhal and Brooks-Gunn, 2011). Poverty, an environmental context
defined by unpredictability and uncontrollability, impacts children’s stress physi-
ology, including the developing hypothalamic–pituitary–adrenocortical axis
(HPA axis) and executive functioning systems (Blair, 2010). The context of poverty
may tax children’s stress physiology through compromised parenting, which
results from parents challenged by the vast number of obstacles associated with
living in poverty. In fact, compromised parenting, as measured by greater negative
parenting behaviours and less positive parenting behaviours, has been shown to
mediate the effects of poverty on children’s adjustment (Scaramella, Neppl, Ontai,
& Conger, 2008). Parenting may also mediate the effects of poverty on children’s
HPA axis and executive functioning systems. Importantly, families living in
poverty are much more likely to be headed by single parents (Brooks-Gunn &
Duncan, 1997), which also significantly impacts parenting (Dufar et al., 2010;
MacKenzie, Fite, & Bates, 2004) and children’s adjustment (Ehrensaft, Cohen,
Chen, & Berenson, 2007; Gardner et al., 2009; Jackson, Preston & Franke, 2010).
The effects of poverty might be most pronounced for children in single parent
families given that those parents might be particularly compromised by the strains
of poverty combined with the absence of a consistent support or buffer from an
additional parent in the family. Early exposure to these risk factors might lead to
greater adjustment problems in children, in part, through their contribution to
disruptions in children’s HPA system, as measured by cortisol and executive
functioning, measured with effortful control. In this study, we tested whether the
effects of poverty and single parent status on children’s effortful control were
accounted for by parenting and disruptions in cortisol patterns.

The HPA system is a stress-sensitive system that is relevant to children’s reactivity
to challenge and stress and produces the hormone cortisol (Gunnar, 1994; Gunnar &
Quevedo, 2007). In humans, cortisol follows a circadian pattern, generally peaking
20–30min after awakening, decreasing throughout the day and reaching its nadir
at midnight (King & Hegadoren, 2002). Of particular relevance to the current study,
the diurnal pattern is typically obtained by sampling the values of an individual’s
awakening and evening cortisol levels. Disruptions to the HPA system might be
indicated by the presence of either high or low levels of cortisol (Gunnar & Vazquez,
2001). Disrupted cortisol patterns are important to study because disrupted cortisol
levels and reactivity have been related to behaviour problems in children (Alink
et al., 2008).

It has been argued that acute or moderate stress may result in elevations in
cortisol, whereas extreme and chronic stress might result in a blunting of HPA
activity characterized by low levels of cortisol throughout the day (Boyce & Ellis,
2005; Miller, Chen, & Zhou, 2007). Given that the blunted diurnal HPA axis
activity is more often associated with chronic stress and has been found in samples
with foster care children (Fisher, Van Ryzin, & Gunnar, 2011; Gunnar & Vazquez,
2001), we expected that children living in poverty, which is likely to be experienced
as chronic and pervasive strain, would be more likely to demonstrate a blunted
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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diurnal pattern. Supporting this argument, one study examining preschoolers
from extremely low income families in urban Mexico found these children had
lower baseline cortisol levels (Fernald, Burke, & Gunnar, 2008). Another study
found that financial strain was related to blunted basal cortisol levels (sample
collected at 10AM and 4PM) in preschool children (Badanes, Watamura, &
Hankin, 2011).

However, other findings examining income and cortisol actually suggest that
children living in low income households have higher cortisol levels (Lupien,
King, Meaney, & McEwan, 2001). Thus, it is possible that we might identify
another group of children who exhibit high morning levels of cortisol. However,
one study finding elevations in cortisol related to low income or poverty measured
cortisol using 12-h overnight urinary samples (Evans & English, 2002; Evans &
Kim, 2007), and others used measures reflecting cortisol reactivity at the start of
a school day, taken between 8AM and 9AM (Lupien et al., 2000; Lupien et al.,
2001). Similar to recent research suggesting that either high or low cortisol levels
reflect disruption (Blair et al., 2011), the current study anticipated that there could
be two groups of disrupted diurnal profiles, one in which children exhibit a
blunted profile, starting low in the morning and staying low throughout the day,
and one in which children start with higher than average levels in the morning.

Single parents are overrepresented among families in poverty (Brooks-Gunn
and Duncan, 1997) and may be another important stressor that contributes to
children’s cortisol. No studies have examined the relation of single parent status
to children’s HPA axis activity. Both poverty and single parent status have been
shown to relate to disruptions in parenting, which have been shown to account
for their effects on children’s adjustment problems (Middlemiss, 2003; Scaramella
et al., 2008). Initial research regarding parenting and children’s cortisol focused
on attachment status, using the Strange Situation paradigm to classify children
as being insecurely or securely attached. Two studies demonstrated that children
with a disorganized attachment status classification had increased cortisol
responses to the Strange Situation (Hertsgaard, Gunnar, Erickson & Nachmias,
1995; Spangler & Grossman, 1993). Building on the promising findings from the
attachment status literature, there is increasing recognition that less extreme
gradations in parental care also affect neurobiology (Hane, Henderson, Reeb-
Sutherland & Fox, 2010). For example, maternal affection (Bornstein & Bradley,
2003), emotional withdrawal (Bugental, Martorell and Barraza, 2003) and unsup-
portive maternal behaviours (Fisher et al., 2007) were shown to relate to disrupted
cortisol levels. These findings suggest that compromised parenting behaviours
may partially explain how poverty and single parent status affect children’s
HPA axis activity.

Examination of the physiological response to stress in preschoolers living
in poverty is of particular interest given the biology of the stress response system
(Blair, Granger, & Razza, 2005). Demonstrated primarily with nonhuman models,
chronic activation of the HPA axis has been shown to adversely affect the develop-
ment of brain structures and neural systems known to be important for the execu-
tive regulation of the stress response, including the prefrontral cortex (Blair, 2010;
Francis et al., 1999). The prefrontal cortex subserves executive or cognitive control
processes (Rothbart, Sheese, & Posner, 2007; Posner & Rothbart, 2000). Effortful
control refers to the attentional and inhibitory control mechanisms that facilitate
the suppression of an undesired response or the inhibition of a dominant response
for a preferred or correct nondominant response (Rothbart & Rueda, 2005). Effort-
ful control develops rapidly between the ages of 3 and 6 years, continues to
develop throughout middle childhood (Diamond & Taylor, 1996) and has been
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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shown to be a robust predictor of children’s adjustment problems (Lemery-Chaifant,
Doelger &Goldsmith, 2010; Lengua, 2003; Lengua et al., 2008) and social competence
(Eisenberg et al., 2001; Eisenberg et al., 2003).

Effortful control has been shown to be related to both patterns of cortisol
dysregulation, having either low or elevated cortisol responses. In one study of
kindergarteners from a middle-income sample, lower scores on attention and
inhibitory control tasks were associated with lower baseline and laboratory
reactivity cortisol levels (Davis, Bruce & Gunnar, 2002). However, in other studies,
elevated levels of cortisol were shown to interfere with effortful control (Donzella,
Gunnar, Krueger, & Alwin, 2000; Lupien, Gillin, & Hauger, 1999).

Children from families with lower incomes are also consistently lower in effort-
ful control than children from higher income families (Lengua, 2012). However,
few if any studies have examined the potential mechanisms through which pov-
erty may relate to lower effortful control. It is plausible that poverty decreases
positive parenting behaviours and increases negative parenting behaviours, which
in turn might disrupt HPA axis activity and impact children’s developing effortful
control.

In the present study, we tested a series of hypotheses. First, we hypothesized
that poverty and single parent status would be related to blunted diurnal HPA axis
activity, indexed by a flat slope from AM to PM levels. An exploratory aim sought
to determine if it was poverty or single parent status that predicted the blunted
diurnal cortisol pattern. Second, we hypothesized that the effects of poverty on
disrupted cortisol patterns would be accounted for by less positive and more
negative parenting. Finally, we hypothesized that disrupted diurnal HPA axis activity
would be related to lower levels of effortful control.
METHODS

Participants were 78 preschool children and their mothers who participated in two
assessments separated by 6months (Time 1 mean age = 36.6months, SD= 2.69,
range = 32–44; Time 2 mean age = 42.0months, SD= 2.99, range = 37–50). Families
were recruited from preschools, co-ops and daycares and were selected to repre-
sent the demographic characteristics of the urban area surrounding the university
in the Pacific Northwest at which the study was conducted. Only one child in the
target age range per family was permitted to participate. Children with develop-
mental disabilities and families who were not fluent in English were excluded
from the study to ensure adequate comprehension of the procedures. A female
primary caregiver was required to participate. All study procedures were approved
by the Institutional Review Board at the university conducting this study.

At Time 1, the sample consisted of 103 children. Ninety-eight families returned
for a second assessment approximately 6months after the first assessment. Of
those families who participated in both assessments, 20 were missing data on Time
1 parenting variables (three), Time 2 effortful control (three) and cortisol (17). A
portion of the missing data was due to problems in task administration or comple-
tion, or video equipment failures, but was not due to participant attrition. The
largest portion of missing data was due to incomplete cortisol data. Participants
missing any data at either time points were compared with those missing no data
on maternal education, family income, single parent status and Time 1 study
predictors. There were no significant differences between participants with complete
data and those missing data. Analyses were based on the sample of 78 families that
had complete data.
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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The children in the 78 families included 53% boys, 6% African Americans, 10%
Asian Americans, 3% Native Americans, 70% European Americans and 11%
children with other or multiple ethnic or racial backgrounds. Annual family income
was roughly distributed across the continuum,with 15% of families earning less than
$20000, 9% of families earning $21 000–40 000, 24% earning $41 000–60 000, 16%
earning $61 000–80 000, 10% earning $81 000–100 000 and 26% of families earning
over $100 000. Eighteen per cent of the sample met the federal poverty cut-off based
on an income-to-needs ratio. The modal level of mothers’ educational attainment
was some college or university graduate, and 76% of the families consisted of two-
parent households.
Procedures

Procedures at both times involved mothers and children coming to the university
for 2-h sessions. After explaining the study and procedures, mother consent and
child assent were obtained. At the Time 2 session, mothers were instructed on
how to collect saliva samples from their children at home on the two subsequent
days after the laboratory visit. Children were administered a test of verbal ability
and the effortful control tasks described below. Simultaneously, mothers
completed questionnaires of demographics and family structure. Following the
effortful control tasks, mothers joined their children for parent–child interactions.
Time 1 measures of poverty, single parent status and parenting were used so that
the predictors would temporally precede the outcomes, strengthening conclusions
about direction of effects. At Time 2 only, mothers collected saliva samples from their
children on the two mornings and evenings following their laboratory visit.
Measures

Poverty
Mothers reported on the total household income from all sources, and the 2002

Federal Health and Human Services income-to-needs ratio guidelines were used
to determine whether a family fell beneath the poverty cut-off (1 = in poverty,
0 = not in poverty); 18% of the sample fell at or below the poverty cut-off.
Single parent status
Mothers reported their marital status and were assigned single parent status if

they were never married, currently separated or divorced, and not living with a
partner. On the basis of these criteria, 24% of the sample consisted of single
parents.
Parenting
Parenting was assessed using three 5-min mother–child laboratory interaction

tasks including a restricted play, where mothers were directed to not allow
their child to touch desirable toys, an unrestricted free play and a challenging
Lego-building task, where mothers were instructed to help their children build a
Lego figure from a picture by providing only verbal assistance (Kerig & Lindahl,
2001). Parent behaviours were coded by trained undergraduates using an adapted
version of The System for Coding Interactions and Family Functioning (Lindahl &
Malik, 2000) and the Parenting Style Ratings Manual (Cowen & Cowen, 1992). All
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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codes were rated on 5-point Likert scales, with 1 indicating the lowest level of a
behaviour, and then summed across the three tasks for a possible range of 3–15.

Parenting behaviours of maternal warmth, scaffolding, limit setting and nega-
tive affect were rated. Maternal warmth (M= 11.73, SD= 2.34) captured verbal
expressions of happiness, comfort, connection, verbal and nonverbal engagement
towards the child. Scaffolding (M= 12.94, SD= 1.91) refers to parental intervention
that is contingent to the child’s need while also supporting child autonomy. Limit
Setting (M= 11.25, SD= 1.43) included mothers’ clarity, consistency and follow-
through directed at her child’s behaviour. Negative Affect (M= 3.2, SD= 0.56)
assessed the negative tone expressed by the mother and included verbal and
nonverbal expressions of irritation that were critical, rejecting or invalidating.
Reliability was assessed by independent recoding of 30% of the cases. Single-measure
ICCs were 0.85 for Warmth, 0.78 for Scaffolding, 0.69 for Limit Setting and 0.63 for
Negative Affect. ICCs for Limit Setting and Negative Affect were low in part because
of limited variability on these measures because these behaviours were observed at
low rates. However, the per cent agreement across coders was good at 92% and
79%, respectively.

Verbal ability
Verbal ability, which is moderately correlated with effortful control (e.g. Krikorian

& Bartok, 1998), was included as a covariate. It was assessed at Time 1 using the
Peabody Picture Vocabulary Test—Revised (Dunn & Dunn, 1981) in which children
are asked, for each of a series of items, to select from a set of four pictures the one best
illustrating the meaning of an orally presented word.

Effortful control
Effortful control was assessed using five laboratory tasks. Effortful control

scores were combined into a composite as described later.
Bear–dragon (Kochanska et al., 1996) requires the child to perform actions when

a directive is given by a bear puppet, but not when given by a dragon puppet.
Children’s actions were scored as performing no movement, a wrong movement,
a partial movement or a complete movement, with scores ranging from 0 to 3.
Total scores were the sum of the scores on the five dragon trials. The average scores
at Time 1 and Time 2 were 6.29 (SD= 6.38) and 10.46 (SD= 5.96), respectively.

Day–night (Gerstadt, Hong, & Diamond, 1994) requires the child to say ‘day’
when shown a picture of moon and stars and ‘night’ when shown a picture of
the sun. Children’s actions were scored 1 for correctly providing the nondominant
response or 0 for providing the dominant response. Total scores were the propor-
tion of correct responses. The average total scores at Time 1 and Time 2 were 0.53
(SD= 0.34) and 0.66 (SD= 0.32), respectively.

Grass–snow (Carlson & Moses, 2001) asked children to point to a green card
when the experimenter says ‘snow’ and to a white card when the experimenter says
‘grass’. Children earned one point for correctly pointing to the counter-intuitive card.
Total scores were the proportion of correct responses. The average total scores at
Time 1 and Time 2 were 0.36 (SD=0.34) and 0.55 (SD=0.36), respectively.

Butterfly was developed for this study and is similar to a ‘go/no go’ task in
which children are required to inhibit a prepotent response while ignoring or
inhibiting responses to nontarget stimuli (Casey et al., 1997). Children were pre-
sented with 20 cards depicting a variety of animals with six of the cards depicting
a butterfly. Children were instructed only to point or say ‘butterfly’ when a butter-
fly was depicted and do nothing when shown another animal. When presented
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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with a butterfly, children’s responses were rated as a full response (two points),
partial/late response (one point) or no response (0 points). On other animal trials,
a full response was scored 0, partial/late response was scored 1 and no response
was scored 2. Total scores were the sum of scores on all 20 trials. The average total
scores at Time 1 and Time 2 were 21.66 (SD= 11.41) and 27.30 (SD= 12.85), respect-
ively. Twenty per cent of all effortful tasks were independently rescored. ICCs on
all tasks were greater than or equal to 0.94.

Delay of gratificationwas also included as a component of effortful control. Delay
of gratification was assessed using a gift delay task (Kochanska et al., 1996) in
which the child was told that s/he would receive a present but that the experi-
menter wanted to wrap it. The child was instructed to face the opposite direction
and not peek while the experimenter noisily wrapped the gift. Children’s peeking
behaviour (frequency, degree, latency to peek, latency to turn around) and diffi-
culty with the delay were rated. Twenty per cent of the delay of gratification cases
was independently recoded. The inter-rater reliabilities for number, latency, degree
of peeks, latency to turn around and difficulty waiting were 0.71 on average.
Effortful control composite
Consistent with previous research, an overall effortful control score was

computed as the mean-weighted sum of the five standardized effortful control task
scores (Carlson &Moses, 2001). Scores were considered missing if>50% of the com-
ponent scores were missing. Higher values on each task, as well as with the compos-
ite score, reflects greater levels of effortful control. Internal consistency of the effortful
controlmeasurewas 0.72 and 0.66 at Times 1 and 2, respectively. Inter-rater reliability
was assessed by duplicate coding of 30% of cases, and the ICC was 0.90.
Salivary cortisol sampling and collection
During the Time 2 session, mothers observed the collection of cortisol at the

laboratory visit and then were given a home collection kit and instructions on
how to collect the saliva samples at home. Mothers were instructed to collect their
child’s saliva 30min after the child woke in the morning and 30min prior to
bedtime, for two consecutive days. To stimulate salivation, the children chewed
Trident Original sugarless gum, which prior research has shown to not affect
cortisol levels (Schwartz, Granger, Susman, Gunnar, & Laird, 1998). Salivettes
were placed in the children’s mouth. Once saturated, the Salivettes were placed
in prelabelled plastic vials. Using cortisol diary cards, mothers reported on collec-
tion times, children’s health conditions, food consumed, mediations taken and
child behaviours at the time of each saliva collection. Mothers’ reports generally
indicated good compliance with collection protocol, and 98% of samples were
collected within 40min of either wake or bed time.
Cortisol assay
Until all families were assessed, the saliva samples were kept frozen and sent to

Oregon Social Learning Center Salivary Cortisol Assay Laboratory (OSLC) for
processing. Prior to the assay, samples were thawed and centrifuged at 3000 rpm
for 15min. To complete the assay, 25 mL of saliva from each sample was transferred
into each of two wells, producing duplicate samples for each assay; samples were
then averaged. Samples were assayed using the High Sensitivity Salivary Cortisol
Enzyme Immunoassay Kit provided by Salimetrics, Inc. (State College, PA, USA).
All samples from the same subject for each set of saliva were included in the same
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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assay batch to minimize inter-assay within-subject variability. Intra-assay reliabil-
ities for the OSLC laboratory were obtained using the high and low cortisol controls
provided by Salimetrics. The mean cortisol value (MCV) for the high concentration
sample was 7.06%; MCV for the low concentration sample was 13.52%. For the high
cortisol concentration, the MCV was 3.81%; for the medium concentration, it was
6.78%, and for the low concentration, it was 11.7%, all acceptable values.

The average morning cortisol level for the sample was 0.55 mg/dL (SD= 0.34),
and the average evening cortisol level was 0.10 mg/dL (SD= 0.20). A measure of
diurnal cortisol pattern was calculated as the difference between the average of
the two morning samples and the average of the two evening samples (i.e. average
morning� average evening). Larger values indicate a typical diurnal pattern that
decreases throughout the day. The average difference across the day was
0.45 mg/dL (SD= 0.25). Guided by prior studies examining HPA axis activity in
relation to low income and by meta-analyses regarding the relation of cortisol
levels to chronic adversity (Miller, Chen, & Zhou, 2007), we sought to identify
two forms of disruptions in HPA axis activity: blunted levels and elevated levels.
A blunted pattern was defined by a diurnal cortisol pattern or difference that
was 1.5 SD below the mean of this sample and morning values that were 1 SD
below the mean of the sample. This group was characterized as having low morn-
ing and evening levels and a flat diurnal pattern (low AM/PM, n= 7). For these
children, the average morning cortisol level was 0.14 mg/dL (SD= 0.06); the
average evening level was 0.13 mg/dL (SD= 0.07) and the average difference
across the day was 0.03 mg/dL (SD= 0.06).1 An elevated pattern included children
who demonstrated high cortisol levels across the day, with both morning and
evening levels ≥1.5 SD above average (high AM/PM, n= 4). For these children,
the average morning cortisol level was 1.35 mg/dL (SD= 0.67), and the average
evening level was 0.76 mg/dL (SD= 0.38). All remaining children were included
in the average diurnal pattern group. The values of these high and low groups
would also be categorized as high and low in a recent study conducted by Bruce
and colleagues (2009) in which they identified a high group on the basis of a
morning value of >60 mg/dL and a low group as <0.30 mg/dL. Figure 1 depicts
the average, low AM/PM and high AM/PM patterns. No children in this sample
had increasing cortisol over the day.

It is possible that the low morning values in these cases reflect a problem in the
collection procedures, for example, that the samples were collected simultaneously
with the evening values rather than in the morning as intended. However, this is
unlikely for three reasons: (i) in every case, the average morning value is different
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than the average evening value (average difference = 0.08 mg/dL); (ii) in all but one
case, the average morning value is higher than the average evening value; and (iii)
there are differences in mother-rated diary card information across the morning
and evening collections.
RESULTS

First, cortisol diary card variables were examined to identify potential covariates of
cortisol levels. Health, medication, food ingestion, child behaviours and daily dis-
ruptionswere examined in relation to cortisol variables. Eight childrenwere reported
to have an illness on the day of collection. However, excluding them from the sample
did not alter the magnitude of the correlations of cortisol variables with other vari-
ables, and therefore, these participants’ samples were retained. Four parents
reported that their children use inhalers for their asthma, but none of them reported
using their inhaler on the days of saliva collection. Twenty-nine children were
reported to have eaten food before their saliva collection. However, excluding them
from the sample did not alter the magnitude of the correlations of cortisol variables
with other variables, and therefore, these participants’ samples were retained. None
of the remaining variableswere consistently significantly related to cortisol variables.
Wake time, bed time and latencies between these times and collection times were
examined. Wake time and latency to morning collection were the only variables sig-
nificantly associated with the cortisol variables. The majority of saliva samples were
collect within 20min of the ideal time, and all but one was collected within 40min of
the ideal time. Morning 1 and Morning 2 wake times were correlated 0.82, and both
Morning 1 and Morning 2 latency to collection were equally correlated with cortisol
variables. Therefore, Day 2wake time and latency to collectionwere included in sub-
sequent regression analyses as covariates. Neither evening collection times nor bed
times were related to evening cortisol levels or diurnal patterns.

Hypothesis 1: Poverty, single parent and blunted diurnal pattern

First, correlations were examined to determine the hypothesized relations
among poverty, single parent status and diurnal cortisol patterns (Table 1). Poverty
status and single parent status were significantly related to a greater likelihood of
demonstrating the low AM/PM pattern. Poverty and single parent status were not
related to the high AM/PM cortisol pattern. Subsequent analyses did not examine
the high AM/PM pattern (as it also did not relate to the other study variables
tested below, parenting and effortful control).

As expected, there was significant overlap between poverty status and
single parent status. In this sample, 55% of the single parents also lived in poverty
(11/20), and 79% of the families in poverty were also single parent families (11/14).
Thus, we conducted exploratory analyses to examine how the two variables were
simultaneously related to cortisol to account for their overlap. To do this, we
created two variables, one indicating single parents whowere not poor and the other
indicating families living in poverty regardless of marital status.

Logistic regressions were used to examine whether poverty or single parent
status (not in poverty) predicted the low AM/PM cortisol pattern (Table 2).
Poverty status, regardless of single parent status, was significantly related to a higher
likelihood of demonstrating the low AM/PM cortisol pattern (B=1.59, SE=0.81,
p=0.05). Children living in poverty were 4.9 times more likely to demonstrate the
low AM/PM cortisol pattern compared with children not in poverty. Single parent
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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Table 2. Logistic regression results for poverty and parenting predicting the low AM/PM
cortisol pattern

w2(df), p B at entry SE Exp(B) B final step SE Exp(B)

Step 1: 5.76(2), 0.06
Wake time 0.00 0.00 1.00 0.00 0.00 1.00
Latency 39.83* 19.80 0.00 67.65 31.37 0.00
Step 2: poverty 3.65(1), 0.05 1.85* 0.94 6.34 3.00* 1.53 20.13
Step 3: parenting 12.08(4), 0.02.
Warmth �1.14* 0.53 0.32
Scaffolding 0.61 0.49 1.83
Limit Setting �0.24 0.45 0.79
Negative Affect 2.99* 1.46 19.95

*p< 0.05.
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status in the absence of poverty was unrelated to the low AM/PM cortisol pattern
(B=0.94, SE=1.22, n.s.). Given the overlap in poverty status and single parent status,
we examined the relation of children who were both living in poverty and single
parent households to the low AM/PM cortisol pattern. Children living in poverty
who were also in single parent households were significantly more likely to demon-
strate the low AM/PM cortisol pattern (B=2.10, SE=0.91, p=0.03), being 7.4 times
more likely to demonstrate this pattern than other children. Given that single parent
status alone, in the absence of poverty, was not related to the low AM/PM cortisol
pattern, subsequent analyses examined whether parenting accounted for the relation
of poverty to the low AM/PM cortisol pattern.

Hypothesis 2: Poverty, blunted diurnal pattern and parenting

We examined the correlations of poverty and the low AM/PM diurnal cortisol
pattern with the parenting variables to determine whether parenting could
plausibly account for the effects of poverty on the blunted diurnal pattern (Table 1).
Poverty status was related to lower maternal scaffolding and higher negative
affect. In turn, some of the parenting variables were related to disrupted diurnal
cortisol. Maternal negative affect was associated with a greater likelihood of
demonstrating the low AM/PM cortisol pattern. The pattern of correlations
suggested that parenting was a plausible mediator of the effects of poverty and
single parent status on the blunted diurnal cortisol pattern.

Logistic regressions were used to examine whether parenting might account for
the relation of poverty to the low AM/PM cortisol pattern. First, we entered cortisol
waking time and collection latency covariates in the first step, poverty status in the
second step and then entered the four parenting variables (maternal warmth, scaf-
folding, limit setting and negative affect) in the next step. Poverty continued to dem-
onstrate a significant association with the low AM/PM cortisol pattern, as reported
above. After accounting for the effect of poverty,maternal warmth and negative affect
were significantly related to the lowAM/PM cortisol patternwhen all parenting vari-
ables were accounted simultaneously in the third step of the regression. Children ex-
periencing higher maternal warmth were one-third as likely to demonstrate the low
AM/PM cortisol pattern, and children experiencing higher maternal negative affect
were 4.1 times more likely to demonstrate the low AM/PM cortisol pattern.

Hypothesis 3: Poverty, blunted diurnal pattern, effortful control
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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Correlations between poverty, the low AM/PM diurnal pattern and the lower ef-
fortful control were significant (Table 1). This indicated that diurnal cortisol pattern
could plausibly account for the relation between poverty and effortful control.

Multiple regression was used to test whether the low AM/PM cortisol pattern
accounted for the relation between poverty and children’s effortful control (Table 3).
Children’s age, gender, verbal ability and effortful control at Time 1 were included
in the first step of the regression as covariates, along with wake time and cortisol col-
lection time variables. Poverty status was entered in the second step of the regression
and was significantly related to lower effortful control at Time 2. To characterize this
effect, we examined the mean levels of effortful control from Time 1 to Time 2 for chil-
dren in poverty and not in poverty. For children not in poverty,mean levels of effortful
control increased (T1M=0.30, T2M=0.50), whereas for children in poverty, mean
levels of effortful control decreased (T1M=�1.34, T2M=�2.45). Disrupted diurnal
cortisol (low AM/PM cortisol pattern) was entered in the third step of the regression
and was related significantly to lower effortful control at Time 2. When diurnal corti-
sol pattern was included in the regression, the effect of poverty decreased and became
nonsignificant, suggesting that a disrupted diurnal cortisol pattern partly accounts for
the effects of poverty on children’s effortful control.
DISCUSSION

This study examined the relations of poverty, single parent status and parenting to
preschoolers’ diurnal cortisol patterns and effortful control. We identified two
disrupted diurnal patterns, a blunted pattern in which children demonstrated both
low AM and low PM levels and an elevated pattern, including children with high
AM and high PM levels. After testing whether poverty was associated with
disrupted cortisol patterns, we examined whether parenting accounted for cortisol
disruptions beyond the effects of poverty and whether cortisol disruptions were
related to the development of effortful control.

Poverty status and single parent status were correlated with the blunted diurnal
pattern. Given prior findings suggesting an association between low income and
elevated cortisol levels, it was surprising that the high AM/PM cortisol pattern
was not related to any of the variables examined. This may have been a function
of the low number of children demonstrating this pattern. However, the present
study findings are consistent with the findings of other studies demonstrating
relations of lower income with lower or blunted cortisol patterns rather than with
Table 3. Ordinary least-square regression results for poverty and low AM/PM cortisol
pattern predicting effortful control

ΔR2 B at entry SE b at entry B final step SE b final step

Step 1: covariates 0.29*
Child age 0.12 0.23 0.06 0.13 0.22 0.07
Child gender �1.73 1.26 �0.16 �2.08 1.25 �0.19
Verbal ability 0.11 0.04 0.36* 0.09 0.04 0.28*
T1 effortful control 0.28 0.11 0.30* 0.31 0.11 0.34*
Wake time 0.00 0.00 0.05 �0.00 0.00 �0.02
Collection latency �3.78 28.63 �0.02 20.79 30.90 0.10
Step 2: poverty 0.01* �1.55 0.79 �0.18* �1.34 0.90 �0.08
Step 3: low AM/PM 0.04* �5.13 2.60 �0.24*

*p< 0.05.
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elevated levels. An increasing number of studies have documented that chronic
early adversity is associated with low morning cortisol levels that remain flat
throughout the day (Fernald et al., 2008; Fisher & Stoolmiller, 2008; Gunnar &
Vazquez, 2001). Although once thought of as a paradoxical suppression response
to stress, the phenomenon of a down regulation of cortisol is being documented
more often (Gunnar & Vazquez, 2001). However, not all studies find this, with
some evidence of low income being related to elevated cortisol levels (Lupien
et al., 2001). These conflicting findings could result from differences in the measures
used, the degree of disadvantage captured in a sample or in the age group studied,
and additional research is needed to clarify these findings.

One of the exploratory aims of this study was to tease apart the effects of
poverty and single parent status and their associations with children’s HPA axis.
Children with mothers who were single parents but who were not living in poverty
were not more likely to exhibit the low AM/PM diurnal pattern. Only children
whose families were living in poverty and even more, whose mothers were single
parents and living in poverty, demonstrated the blunted diurnal pattern. Although
too small of a sample size to draw definitive conclusions, initial implications suggest
that not all risk factors are equally influential to children’s physiological stress
response systems. Poverty is a marker for a host of other risk factors, such as residen-
tial instability, maternal mental health and legal problems and increased family
conflict, all of which are potential mechanisms worth examining to explain how
living in poverty affects children’s HPA axis (Ackerman et al., 2004; Gilman et al.,
2003; Linver et al., 2002).

After the effects of poverty and single parent status were clarified, parenting
behaviours were examined. Specifically, the associations of parenting behaviours
and children’s diurnal cortisol patterns were examined to assess whether parent-
ing behaviours accounted for the relations between poverty and children’s diurnal
cortisol patterns. Higher negative affect and lower maternal warmth were
associated with the low AM/PM cortisol pattern. Interestingly, this pattern
suggests that the affective rather than control (e.g. scaffolding and limit setting)
components of parenting were related to cortisol disruption, which is consistent
with other studies examining affective aspects of parenting. Another study that
examined negative aspects of parenting, specifically emotional unavailability,
found that emotional unavailability was associated with lower laboratory baseline
levels of cortisol (Bugental et al., 2003). Future studies should replicate the finding
that affective rather than control aspects of parenting are related to cortisol
patterns in young children.

Another aim of this study was to test whether blunted diurnal HPA axis activity
predicted effortful control. Poverty status predicted differences in mean changes of
effortful control between Time 1 and Time 2, with children in poverty scoring
lower in effortful control at the second time point. Above the effect of poverty,
the blunted diurnal pattern was related to decreases in effortful control across
6months. Similarly, Davis et al. (2002) found that higher scores on laboratory
measures of attentional and inhibitory control were related to higher morning
cortisol levels. In contrast, Turner-Cobb, Rixon, and Jessop (2008) found that
greater effortful control predicted less of a reduction in cortisol levels across the
day. However, in that study children were assessed 2weeks after the start of their
school year, which might have been a stressful time. This may not represent how
children would respond during less stressful periods. In fact, 6months after the
school year had started, the relations between effortful control and diurnal
cortisol were nonsignificant. More research is needed to clarify the relation
between effortful control and the HPA axis.
Copyright © 2012 John Wiley & Sons, Ltd. Inf. Child Dev. 21: 537–554 (2012)
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Limitations

One of the limitations of this study is the small number of children demonstrating
disrupted diurnal cortisol patterns, which likely resulted from the use of a commu-
nity sample. The use of a high-risk sample would have likely yielded more
children having atypical diurnal patterns. Nonetheless, the proportions of children
demonstrating these disrupted patterns are consistent with findings in other
samples (Bruce, Fisher, Pears, & Levine, 2009). The study was also limited in its
ability to draw conclusions about direction of effects between cortisol patterns
and effortful control as cortisol was not assessed at the first time point.

Another limitation was the small number of families living poverty. The sample
was intentionally designed to sample families across the full range of income to
provide a robust test of the effects of income. However, this resulted in a relatively
small number of families in poverty, and these findings should be replicated using
a larger sample. The significant association that emerged with poverty, negative
parenting, maternal warmth and cortisol in this study suggests that follow-up
studies are warranted.

Finally, poverty and single parent status likely co-occur with other known risk
factors associated with disrupted cortisol. This includes maternal depression
and child maltreatment, both of which have been associated with disrupted
patterns (Ashman et al., 2002; Cicchetti & Rogosch, 2001; Dougherty, Klein, Olino,
Dyson & Rose, 2009). Future studies should examine the different contributions
that each of these risk factors makes in predicting disrupted cortisol patterns.
CONCLUSIONS

The results of this study suggest that poverty may have deleterious effects on
preschoolers’ HPA axis system, suggestive of allostatic load. In addition, low
maternal warmth and high negativity may be important pathways for how poverty
and single parent status alter preschooler’s HPA axis. More studies are needed that
examine how gradients in nonextreme forms of parental care impact neurobiology
(Hane, Henderson, Reeb-Sutherland, & Fox, 2010). Research thus far has focused
more on abusive or extreme forms of environmental deprivation. In addition, this
study demonstrated that disrupted diurnal cortisol was related to lower effortful
control beyond the effects of poverty. This finding is important but concerning
because it hints at the possibility of a cascade effect in which poverty has deleterious
effects on one neurobiological system, which can produce additional harmful effects
on other self-regulatory systems. As more children are growing up in poverty each
year in the US (DeNavas-Walt et al., 2010), it is imperative that we understand the
mechanisms responsible for how poverty has consequential and lasting impacts on
children’s HPA axis, which confers risk for young children’s mental health (McEwen,
1998). Identifying potentmechanismswill permit the development of themost effect-
ive intervention efforts.
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Note

1. A few years after collection of the cortisol data included in this study, new re-
search demonstrated that the validity of cortisol results could be compromised
by low volume rates associated with use of various collection devices, including
the Salivette, a cotton collection device (Harmon et al., 2007). Interestingly, an-
other article published around the same time offered suggestions for how to in-
crease spit volume if using cotton devices (Granger et al., 2007). One suggestion
to increase volume was to have children increase saliva production by chewing
gum. Children in this study were asked to chew gum to increase their saliva
production. In addition, although information on saliva volume was not
recorded in this study, cortisol data were only recorded for those children
whose saliva sample volumes were adequate. Thus, we are confident that low
saliva volumes cannot fully account for the findings of low cortisol levels in this
study.
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