
Allostasis and allostatic load in the context of poverty
in early childhood

CLANCY BLAIR,a C. CYBELE RAVER,a DOUGLAS GRANGER,b ROGER MILLS-KOONCE,c LEAH HIBEL,d

AND THE FAMILY LIFE PROJECT KEY INVESTIGATORSb,c

aNew York University; bPennsylvania State University; cUniversity of North Carolina at Chapel Hill; and dPurdue University

Abstract

This paper examined the relation of early environmental adversity associated with poverty to child resting or basal level of cortisol in a prospective longitudinal
sample of 1135 children seen at 7, 15, 24, 35, and 48 months of age. We found main effects for poor housing quality, African American ethnicity, and
low positive caregiving behavior in which each was uniquely associated with an overall higher level of cortisol from age 7 to 48 months. We also found that two
aspects of the early environment in the context of poverty, adult exits from the home and perceived economic insufficiency, were related to salivary cortisol
in a time-dependent manner. The effect for the first of these, exits from the home, was consistent with the principle of allostatic load in which the effects
of adversity on stress physiology accumulate over time. The effect for perceived economic insufficiency was one in which insufficiency was associated with
higher levels of cortisol in infancy but with a typical but steeper decline in cortisol with age at subsequent time points.

It is well known that poverty has substantial effects on multiple
aspects of children’s development, ranging from health to cog-
nition to social–emotional development (Bradley & Corwyn,
2002; Brooks-Gunn & Duncan, 1994). Of more recent interest,
however, is concern over the possible affects of poverty on
stress physiology in children (Evans, 2003) and the idea that
affects of poverty on stress physiology may be a primary
mechanism through which poverty has widespread influence
on child health and development (Blair, 2010; Shonkoff,
Boyce, & McEwen, 2009). One framing of the question is to
ask how poverty gets under the skin to influence biological
processes that are highly relevant to physical health and mental
well being. In addressing this question, the concepts of allosta-
sis and allostatic load (McEwen, 2000) are invaluable as state-
ments of the idea that experience can alter stress physiology in
a cumulative fashion to provide short-term benefits to physical
and psychological functioning in unsupportive environments
but that ultimately prove injurious to health and well-being
in the long term. The principle of allostasis refers to the idea
that resting levels of stress hormones adapt or adjust to experi-
ence over time. Unlike physiological systems such as blood
pressure, or body temperature, which are homeostatic systems

that must be maintained within a relatively narrow range of val-
ues, resting levels of stress hormones have a relatively broad
plausible range. When stress is chronic and ongoing, stress re-
sponse systems including the hypothalamic–pituitary–adrenal
(HPA) axis as well as the sympathetic adrenal system, are
said to be under high allostatic load and are understood to adapt
by altering resting state set points to levels that are relatively
high and therefore not flexibly regulated. Under supportive
conditions, however, resting levels are in a moderate range
and responsive to stimulation, exhibiting flexible up- and
downregulation in response to acute stress as needed (Mc-
Ewen, 1998, 2000).

Although associations between chronic stress and altera-
tions to physiological stress response systems are generally
characterized by elevations, it is important to note, however,
that resting levels of cortisol in particular have also been
found to be altered downward as well as upward by chronic
stress, such as seen in lower morning levels of cortisol and lit-
tle change in cortisol across the day (a flat diurnal pattern) in
children experiencing caregiving disruption and foster care
(Tarullo & Gunnar, 2006). Similarly, it has been shown that
children experiencing primarily physical abuse exhibit chroni-
cally low cortisol levels, whereas children experiencing ex-
tensive maltreatment exhibit chronically elevated cortisol, in-
dicating that severe maltreatment can have distinct effects on
stress response systems depending on maltreatment subtype
(Cicchetti & Rogosh, 2009). The key implication here may
be that alterations, whether upward or downward in resting
levels, taking into account the circadian rhythm of cortisol,
interfere with the flexible regulation of the hormone in re-

Address correspondence and reprint requests to: Clancy Blair, 246
Greene Street, Kimball Hall, 8th floor, New York, NY 10003; E-mail: clancy.
blair@nyu.edu.

We thank the many families and research assistants that made this study pos-
sible. Support for this research was provided by the National Institute of Child
Health and Human Development grants R01 HD51502 and P01 HD39667
with cofunding from the National Institute on Drug Abuse.

Development and Psychopathology 23 (2011), 845–857
# Cambridge University Press 2011
doi:10.1017/S0954579411000344

845

tnhenry
Typewritten Text

tnhenry
Typewritten Text
Blair, C., Raver, C., Granger, D.A., Mills-Koonce, W. R., & Hibel, L. (2011). Allostasis and allostatic load in the context of poverty in early childhood.  Development and Psychopathology, 23(3), 845-857.Made available courtesy of Cambridge University Press: http://journals.cambridge.org/action/displayJournal?jid=DPPhttp://dx.doi.org/10.1017/S0954579411000344

http://libres.uncg.edu/ir/uncg/clist.aspx?id=7888
http://journals.cambridge.org/action/displayJournal?jid=DPP
http://dx.doi.org/10.1017/S0954579411000344


sponse to acute stressors. The absence of flexible regulation
of cortisol when needed might be one indication of the extent
to which experience has become embedded in biology, that is,
has gotten under the skin to influence behavior and psycho-
logical functioning in meaningful ways.

Relations between experience and stress physiology de-
scribed by the principles of allostasis and allostatic load are of
particular interest to developmental psychologists and psycho-
pathologists given the role of stress response systems in the reg-
ulation of thought, emotion, and behavior. Stress response sys-
tems, including sympathetic, parasympathetic, and HPA, are
primary organizers of energy metabolism and associated atten-
tional, emotional, and behavioral responses to stimulation
(McEwen, 2008; Porges, 2001; Repetti, Taylor, & Seeman,
2002). In the realm of cognitive ability, for example, neuroen-
docrine hormones such as norepinephrine and cortisol potenti-
ate either reactive or reflective responses to challenge depend-
ing on the amount of hormonal increase. Under conditions of
acute stress, high level of stress hormone increase is associated
with increased neural activity in subcortical brain areas associ-
ated with more reactive responses to stimulation, such as highly
robust declarative memory formation, the so-called flashbulb
memory phenomenon (Diamond, Campbell, Park, Halonen,
& Zoladz, 2007). Under more moderate levels of stress arousal
and stress hormone increase, however, stress hormones potenti-
ate activity in brain areas, notably prefrontal cortex, associated
with reflective responses to stimulation such as executive func-
tions and the flexible use of attention and purposefully regu-
lated emotional responses to stimulation (Arnten & Li, 2005).

The Context of Poverty and Stress Physiology

The principles of allostasis and allostatic load suggest that
stress may be a primary mechanism through which poverty
affects child development and increases risk for early devel-
oping psychopathology. Several studies have demonstrated
that the context of poverty generally leads to elevated resting
state levels in stress response systems, as seen in HPA as well
as the sympathetic adrenal system. Forexample, Lupien, King,
Meaney, and McEwen (2001) demonstrated that young chil-
dren from low relative to high socioeconomic status homes pre-
sent higher morning levels of cortisol. Evans (Evans, 2003) has
demonstrated that a risk index composed of physical character-
istics of the home, including crowding, housing quality, and
noise levels, as well as aspects of the psychosocial environment
of families living in poverty, was associated with elevated
allostatic load in children as measured by an index of overnight
levels of cortisol, epinephrine, norepinephrine, blood pressure,
and body mass index.

Given the well-demonstrated role of stress in disease pro-
cesses (McEwen & Wingfield, 2003) and the demonstration
that increased stress in the context of poverty is a primary con-
tributor to socioeconomic status gradients in physical and
mental health, investigators have looked to stress processes
in childhood as a possible early determinant of adult health
status (Shonkoff et al., 2009). Similarly, investigators have

examined the extent to which the effects of poverty on stress
physiology may be associated with problems with social–
emotional and cognitive development in children that may
be indicative of the developmental roots of problems with
self-regulation and risk for early developing psychopathology
(Cicchetti & Rogosh, 2009; Evans, 2003; Halligan, Herber,
Goodyer, & Murray, 2006). For example, in a longitudinal
sample of children in predominantly White, rural families fol-
lowed by Evans and colleagues (Evans & Schamberg, 2009),
length of time in poverty was associated with elevated allo-
static load in early adolescence and allostatic load was found
to account for the relation between years in poverty and def-
icits in an aspect of cognitive ability associated with reflective
responses to stimulation, specifically the executive function
of working memory.

Although the idea that poverty affects stress physiology in
expected ways with discernable consequences for child
health and development is theoretically coherent and has re-
ceived growing empirical support, there are a number of ques-
tions and considerations for this area of research. Of particular
interest are mediating and moderating mechanisms through
which poverty might or might not become embedded in biol-
ogy developmentally. Of specific interest is the extent to
which early caregiving may be highly salient as a mediating
mechanism through which stressors in the context of poverty
affect child well-being. Such an early caregiving mediation
hypothesis has considerable support in animal models of
early experience as well as in examinations of the intergenera-
tional transmission of defensive responses in a number of spe-
cies, including plants as well as insects, birds, and mammals
(Cameron et al., 2005).

The hypothesis that early caregiving functions as a pri-
mary source of information about the quality of the environ-
ment has considerable intuitive and empirical appeal for the
study of child development. Parenting has been demonstrated
to be less prototypically supportive and sensitive in the con-
text of poverty and shown in longitudinal and experimental
studies to be a primary mechanism through which poverty in-
creases risk for poor child outcomes (Brooks-Gunn & Duncan,
1994; McLoyd, 1998). Evidence for this ranges from correla-
tional findings indicating relations between variation in
amount and type of experience and cognitive development
(Hart & Risley, 1995) to experimental research demonstrating
that alterations in parenting behavior through appropriate
coaching models result in higher levels of prototypically sen-
sitive caregiving, which in turn lead to increases in child cog-
nitive and social–emotional development relative to a control
group (Landry, Smith, & Swank, 2006).

In two prior papers, both of which analyzed data from the
sample included in this paper, we examined the possibility
that the deleterious effects of poverty on child cognitive de-
velopment might be mediated to some extent through early
caregiving effects on child stress physiology. In the more re-
cent of these two (Blair et al., in press) we demonstrated using
structural equation modeling that the effect of poverty as in-
dicated by income to need on parenting behavior for the
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most part accounted for effects of poverty on both executive
function and IQ. As well, it was also shown that the relation
between sensitive parenting and executive function was
accounted for to some extent by the association between sen-
sitive parenting and lower resting or basal levels of cortisol in
children over the first 2 years. That is, higher level of proto-
typically sensitive parenting was associated with lower rest-
ing or basal level of cortisol in children at ages 7 through
24 months and lower level of cortisol was in turn associated
with higher child executive function at age 3 years. This med-
itational path is consistent with evidence from a number of
studies in animal models (e.g., Meaney, 2001) indicating
the potentially central mediating role of early care as a pri-
mary source of information about the environment. These
findings are also consistent with neurobiological studies dem-
onstrating that prefrontal cortex, the seat of executive func-
tions in the brain, is highly influenced by the physiological
response to stress, exhibiting enhanced functioning under
conditions of acute stress (Yeun et al., 2009) but demonstrat-
ing pronounced deficits in the context of chronic stress
(Cerqueira, Mailliet, Almeida, Jay, & Sousa, 2007).

It is also important to note, however, that in the foregoing
analysis, African American ethnicity, which was itself associ-
ated with lower positive parenting, remained a unique influ-
ence on child cortisol, even when controlling for poverty
and parenting. Furthermore, in the first of the two prior papers
from our research group with this sample, we examined child
cortisol in separate models at ages 7 and 15 months and found
that although parenting was a primary mediator of effects of
poverty on cortisol, child temperament was also uniquely as-
sociated with cortisol levels (Blair e al., 2008). That is, this
prior paper indicated that child characteristics including
higher levels of attention, higher levels of distress to novelty,
and lower levels of distress to limitations were associated with
lower resting cortisol levels at child age 15 months and also
with greater increase followed by decrease in cortisol in re-
sponse to an emotion challenge.

Although the mediation of the effect of poverty on child
outcomes through parenting and stress physiology has much
to recommend it, it may be that a variety of responses to envi-
ronmental adversity including the moderation of stress in the
environment by caregiving and by child temperament is pre-
sent. Such moderation of the relation between adversity and
outcome is central to notions of resilience in development
(Curtis & Cicchetti, 2003). In particular, it may be that the abil-
ity to regulate behavior in the context of risk is a key aspect of
resilience and indicative of the process through which resilient
outcomes are manifest by children facing adversity (Buckner,
Mezzacappa, & Beardslee, 2003). In addition, of growing in-
terest in the study of relations between adversity and outcome
is the idea that temperamental characteristics of children may
moderate the relation between stress associated with poverty
and development. Prominent here are differential susceptibility
models in which the effect of temperamental negativity in in-
fancy on later child outcomes, particularly as indicated by mea-
sures of behavior problems, depends upon the quality of the

caregiving environment. Specifically, children who are charac-
terized by high levels of temperamental reactivity to stimulation
in infancy exhibit poor developmental outcomes when in care-
giving contexts of a low quality. In contexts that are of a higher
quality, however, meaning that they are high in caregiver sup-
port and sensitivity, children characterized by high tempera-
mental reactivity exhibit positive outcomes indicative of a
high level of self-regulation ability (Belsky & Pluess, 2009).
In this, it appears that temperamentally reactive children are
maximally sensitive to the quality of the environment, such
that they are more affected by environmental quality than their
low reactivity counterparts in both good and bad ways, exhibit-
ing worse outcomes in adverse rearing conditions but better
outcomes in high quality environments (Belsky, 1997).

Testing the Effects of Experience on Cortisol Levels
in Early Childhood

In this analysis we examine the possibility that experience over
the first 4 years influences levels of cortisol in ways that have
implications for psychological development. Specifically, we
suggest that experience in early childhood acts to channel or
canalize development and to increase or decrease risk for early
developing psychopathology in part through effects on stress
physiology. To test this possibility we examine resting or basal
levels of salivary cortisol as measured longitudinally at four
time points in early childhood, ages 7, 15, 24, and 48 months
and test the general hypothesis that measures of adversity over
the first 4 years will be associated with higher levels of cortisol
in children. In particular we are interested in the extent to which
cumulative adversity may be associated with increasingly
higher levels of resting or basal levels of cortisol in children
over time. Such a time by adversity interaction would indicate
that adverse experience is acting on child stress physiology in
a way that is consistent with conceptions of allostatically
driven elevations in response to chronic stress. In contrast,
main effects for measures of adversity on levels of cortisol
at each time point might suggest that adversity prior to the
first time point of data collection, 7 months of age, is having
an enduring affect on child HPA axis, or that perhaps adver-
sity is associated with preexisting differences in HPA axis
function in early childhood.

Furthermore, consistent with the idea that caregiving qual-
ity is a major source of influence or conduit through which
information about the quality of the environment is transmit-
ted to children, we also hypothesized that observed relations
between adversity and child cortisol will be accounted for in
part by relations between measures of early caregiving behav-
ior and child cortisol. That is, consistent with animal models
suggesting mediation of environmental quality through care-
giving experience (Cameron et al., 2005), we expected that
coefficients for adversity measures will be significantly re-
duced with the addition of measures of positive and negative
caregiving behavior to regression equations predicting child
cortisol. Furthermore, consistent with differential susceptibil-
ity models of child temperament we expected that measures
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of child temperamental negativity taken at the first data collec-
tion time point, age 7 months, will be associated with higher
levels of child cortisol, indicating that physiological measures
such as cortisol represent an intermediate marker or endophe-
notype of temperamental susceptibility to environmental in-
fluence. That is, in the differential susceptibility literature a
number of studies (reviewed by Belsky & Pluess, 2009) have
shown that measures of stress physiology, particularly those as-
sociated with the regulation of cardiac physiology, are related
to temperamental negativity and interact with environmental
quality in a for better and for worse fashion. Here we simply
test the hypothesis that measures of temperamental reactivity
are meaningfully related to stress response systems that may
be acted on differentially by the environment. Specifically,
we are interested in the extent to which relations of tempera-
ment to cortisol are distinct from or overlap with relations be-
tween measures of environmental adversity and cortisol. A
high degree of overlap would suggest that the environment is
acting to shape both temperament as well as underlying stress
physiology, whereas little or no overlap would suggest that
child temperament represents a relatively distinct source of var-
iation in child outcomes on which the environment can differ-
entially act.

In the examination of environmental adversity associated
with poverty we consider a number of variables. In terms
of material hardship we include household income relative
to household size quantified as income to need, as well as care-
giver report of economic hardship both in terms of economic
need, the amount of money available to families to meet needs,
as well as perceptions of economic sufficiency, the extent to
which caregivers feel that the family is able to adequately
meet its needs with the money it has available to it. We also in-
clude a measure of housing quality as an index of the physical
environments in which families are living. Material hardship
may constitute sources of stress that occur as a result of the types
of choices that families in poverty face. Lower income to need
could increase stress through a variety of mechanisms such psy-
chological and or physical distress resulting from problems pay-
ing bills or from inadequate nutrition associated with limited
food choices. The physical characteristics of housing might
also be associated with increased stress. Lower quality housing
is typically noisy and less safe and frequently characterized by
structural inadequacies that pose challenges for families leading
to higher stress (Bradley & Corwyn, 2002; Evans, 2003).

Over and above the material hardships imposed by income
poverty, families may experience a range of interpersonal
stressors that place family members (including children) un-
der greater allostatic load. Past findings from clinical research
suggest that exposure to high levels of affectively negative in-
terpersonal interactions, alone or when combined with a high
level of instability among caregivers, may be associated with
children’s disrupted HPA axis functioning (Gunnar, Frenn,
Wewerka, & Van Ryzin, 2009). For example, children’s ex-
posure to higher levels of adult anger and conflict in the
home and to peer conflict in child care settings have been ar-
gued to disrupt children’s emotional and physiological reac-

tivity, as indicated by compromised peripheral nervous system
functioning and higher respiratory sinus arrhythmia reactivity
(Cummings, El-Sheikh, Kouros, & Buckhalt, 2009; Gunnar
& Donzella, 2002). At the extreme end of the caregiving con-
tinuum, maltreatment experiences in early childhood have
been found to be associated with both children’s and adults’
hypoactive HPA axis reactivity (e.g., suppressed baseline
salivary and plasma cortisol and blunted ACTH responsive-
ness to laboratory stressors such as the Trier Social Stress
Test) relative to similarly aged children and adults without
maltreatment histories (Fisher, Gunnar, Chamberlain, & Reid,
2000).

In the analyses presented below, we consider children’s
cumulative exposure to single versus multiple episodes of
instability in the number of adults in the household from
early infancy to the preschool period as a rough proxy or in-
dicator of interpersonal stress. Although it may certainly be
the case that some adults’ exits from some households signal
emotionally positive transitions in the lives of families (e.g.,
a young adult goes off to college or moves out to start his or
her own family), it is also probably the case that the depar-
ture of adults from at least some of the households in our
sample may be preceded or accompanied by higher levels
of negative emotional expression on the part of one or more
household members (e.g., a relative or romantic partner
moves out). If nothing else, we hypothesize that adults’ exits
from the household represent a discriminable difference in the
caregiving patterns experienced by the target infants in the
sample, and for that reason alone may be justifiably consid-
ered as an interpersonal stressor.

In sum, past studies have not yet clarified what the trajec-
tory of the development of HPA axis activity might be in
response to chronic versus limited exposure to material and
interpersonal stressors. This study offers us the opportunity
to examine the role of chronicity, of the length of time of ex-
posure to material and interpersonal stressors to both the in-
tercept and slope of basal or resting level of cortisol, adjusted
for time of day of data collection, as an indicator of the activ-
ity of the HPA axis stress response system.

Method

The Family Life Project (FLP) was designed to study young
children and their families in two of the four major geographi-
cal areas of the United States with high poverty rates. Specif-
ically, three counties in eastern North Carolina (NC) and three
counties in central Pennsylvania (PA) were selected to be in-
dicative of the Black South and Appalachia, respectively. The
FLP adopted a developmental epidemiological design in
which sampling procedures were employed to recruit a repre-
sentative sample of 1292 children whose families resided in
one of the six counties at the time of the child’s birth. Low-
income families in both states and African American families
in NC were oversampled (African American families were
not oversampled in PA because the target communities
were at least 95% non-African American).
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At both sites, recruitment occurred 7 days per week over
the 12-month recruitment period spanning September 15,
2003, through September 14, 2004, using a standardized script
and screening protocol. The coverage rate was over 90% for all
births that occurred to women in these counties in that 1-year
period. In PA, families were recruited in person from three hos-
pitals. These three hospitals represented a weighted probability
sample (hospitals were sampled proportional to size within
county) of seven total hospitals that delivered babies in the
three target PA counties. PA hospitals were sampled because
the number of babies born in all seven target hospitals far ex-
ceeded the number needed for purposes of the design. In NC,
families were recruited in person and by phone. In-person re-
cruitment occurred in all three of the hospitals that delivered
babies in the target counties. Phone recruitment occurred for
families who resided in target counties but delivered in nontar-
get county hospitals. These families were located through sys-
tematic searches of the birth records located in the county
courthouses of nearby counties.

FLP recruiters identified 5,471 (59% NC, 41% PA) wo-
men who gave birth to a child in the 12-month period. A total
of 1,515 (28%) of all identified families were determined to
be ineligible for participation for three primary reasons: not
speaking English as the primary language in the home, resi-
dence in a nontarget county, and intent to move within 3
years. Of the 2,691 eligible families who agreed to the ran-
domization process, 1,571 (58%) families were selected to par-
ticipate using the sampling fractions that were continually up-
dated from our data center. Of those families selected to
participate in the study, 1,292 (82%) families completed a
home visit at 2 months of child age, at which point they
were formally enrolled in the study.

Procedures

Families were seen in home visits at child ages of approxi-
mately 7, 15, 24, 36, and 48 months. At time points other
than 15 and 48 months, families were seen in two separate
visits. All home visits for data collection were 2 or more hours
in duration. During visits for data collection conducted at 7,
15, and 24 months, mothers completed questionnaires con-
cerning family demographics and income, and engaged in a
free play interaction (at 7 and 15 months) and an interactive
puzzle completion task (at 24 months) with their child that
was recorded with digital video for 10 min (Cox, Paley,
Burchinal, & Payne, 1999; NICHD Early Child Care Re-
search Network, 1999). During the free-play interaction
mothers were given a standard set of toys and instructed to
play with the child as they normally would if they had a little
free time during the day. During the puzzle completion task,
children were presented with three consecutive board puzzles
that increased in difficulty. Mothers were instructed to interact
and help their children with the puzzles as they saw necessary.

Near the conclusion of the home visit for data collection at
7, 15, and 24 months (usually the second visit at 7 months,
usually the first visit at 24 months), at which time the data col-

lectors had been in the home for at least 1 hr, children were
presented with emotion challenge tasks designed to elicit
emotional responding, including a mask presentation, barrier
task, and arm restraint at 7 months, and a toy removal and
mask presentation at 15 and 24 months. All procedures have
been previously validated (Stifter & Braungart, 1995). To as-
sess basal levels of cortisol and cortisol response to the emo-
tion arousal, unstimulated whole saliva was collected using
either cotton or hydrocellulose absorbent material and express-
ing sample into 2-ml cryogenic storage vials using a needle-
less syringe (cotton) or by centrifugation (hydrocellulose).
Two prior studies have indicated no differences in cortisol
concentrations associated with the two collection techniques
(Granger et al., 2007; Harmon, Granger, Hibel & Rumyant-
seva, 2007). Saliva was collected at baseline prior to the ad-
ministration of the emotion challenge procedures and at 20
and 40 min postpeak emotional arousal following exposure
to the procedures. At 48 months, saliva was collected using
the same methods as at the previous time points but was col-
lected earlier in the home visit for data collection, with the
first collection occurring on average after the data collectors
had been in the home for only 15 to 20 min. At 48 months
children were not administered the emotion challenge tasks.
Instead, saliva samples were taken 20 and 40 min postbase-
line while children were administered an executive function
battery.

For this analysis, only the baseline cortisol measures ad-
justed for time of day of collection were used. Although the
20- and 40-min measures of cortisol are available, we focus
on baseline levels in order to most directly address hypoth-
eses concerning processes of allostatic load and variation in
typical level or set point for cortisol over the child’s first 4
years.

The characteristics of the sample, repeated interview
schedule, length of each interview protocol (2–4 hr), and
age of the infants required that in-home assessments were
scheduled when families were available. Therefore, time of
the day of the interview and saliva collection varied. Mean
time of day of saliva sample collection was 13:04 hr (SD ¼
2.88) at age 7 months, 13:45 hr (SD ¼ 2.94) at 15 months,
13:33 hr (SD ¼ 3.20) at 24 months, and 13:25 hr (SD ¼
2:53) at 48 months. After collection, samples were immedi-
ately placed on ice, transported to interviewers homes and
frozen (2208C). They were stored frozen until batched and
shipped on dry ice overnight to the Behavioral Endocrinology
Laboratory at Penn State. Samples were then stored frozen at
–808C until assay. On the day of testing, samples were
brought to room temperature, centrifuged at 3000 rpm for
15 min, and the clear top-phase of the sample was pipetted
into appropriate test wells by robot (Genesis, Tecan).

Measures

Salivary cortisol. All samples were assayed for salivary cor-
tisol using a highly sensitive enzyme immunoassay US FDA
510k cleared for use as an in vitro diagnostic measure of adre-
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nal function (Salimetrics, State College, PA). The test used 25
ml of saliva (for singlet determinations), had a range of sen-
sitivity from 0.007 to 1.8 mg/dl, and average intra- and inter-
assay coefficients of variation of less than 10% and 15%. All
samples were assayed in duplicate. The criterion for repeat
testing was variation between duplicates greater than 20%,
and the average of the duplicates was used in all analyses.
The cortisol distributions were subject to log transformation
to correct positive skew. Outliers greater than 3 SD from
the mean were treated as missing (n ¼ 15, 16, 17, and 8 at
7, 15, 24, and 48 months, respectively.) Time of day of saliva
collection was significantly related to cortisol level at each
time point (r ¼ 2.25 on average). We also examined child
temperature, time since eating, time since sleeping, and use
of medications (e.g., acetaminophen) as influences on child
cortisol levels at 7 and 24 months (data not available at 15
and 48 months.) Small significant relations of time since eat-
ing and time since sleeping with cortisol at 7 months were
accounted for by adjustment for time of day of saliva collec-
tion (Hibel, Granger, Kivlighan, Blair, & the FLP Investiga-
tors, 2006).

Parenting. Mother–child interactions in the free play at 7 and
15 months and in the structured interaction at 24 months were
coded to assess levels of mothers’ sensitivity, detachment, in-
trusiveness, positive regard, negative regard, and animation in
interacting with the child. Ratings for each code were made on
a 1–5 scale at 7 and 15 months and a 1–7 scale at 24 months,
with 1 being not at all characteristic and 5 (or 7) being highly
characteristic. Factor analyses conducted with an oblique ro-
tation (i.e., Promax) at each time point indicated distinct pos-
itive and negative dimensions of parenting. Maternal positive
parenting included five maternal characteristics: sensitivity,
detachment (reverse-scored), positive regard (e.g., positive
feelings expressed toward child), animation (level of energy),
and stimulation for development (appropriate level of scaffold-
ing of activities with child). Maternal negative parenting in-
cluded two maternal characteristics: intrusiveness and negative
regard (level of harsh, negative feelings expressed toward child).
Interrater reliability was determined by calculating the intraclass
correlation for ratings made by two coders to approximately
30% of the tapes randomly drawn at the infant and toddler as-
sessments. Intraclass correlations were 0.85–0.91 for positive
parenting and 0.72 –0.86 across 7, 15, and 24 month assess-
ments.

Income to need was calculated as the estimated total house-
hold income divided by the federal poverty threshold for 2005
adjusted for number of persons in the home. Family transitions
into and out of poverty were calculated as 1 versus 0 for each
assessment period using federally recommended thresholds of
income to needs ratio less than or equal to 1.0 defined as “poor”
and coded as 1, whereas families whose income fell above 1.0
were coded as “nonpoor” for that assessment period and were
given a score of 0. Chronicity of time spent in poverty from 15
to 48 months was calculated by summing the number of times

families were categorized as poor over those four assessment
periods.

Economic need and economic sufficiency were reported by
the primary caregiverat the 7, 15, 24, and 35 month assessments
using the Economic Strain Questionnaire (Conger & Elder,
1994) a six item measure. Two items assess economic need
(the extent to which the family has difficulty paying bills and
runs out of money each month) and four items assess economic
sufficiency (the extent to which the family feels it is able to ade-
quately meet its needs for housing, clothing, food, and medical
care).

Adult exits and entrances from the household. The primary
caregiver reported on the number of adults in the home at
each data collection time point, and changes, both entrances
and exits, of adults from the home were compiled from these
datda.

Housing quality. Families’ exposure to substandard housing
quality was assessed via observer reports on four items tap-
ping the cleanliness of the home, the number of rooms in
the home, the safety of the building’s interior, and safety of
the area outside the building on a 0–4 Likert-type scale,
with higher scores indicating higher housing quality. Average
scores across all four items (reversed) were calculated to indi-
cate low housing quality at four time points (6 months, 24
months, 35 months, and 48 months).

Child temperament. Temperamental reactivity at age 7 months
was assessed by the Infant Behavior Record (IBR; Bayley,
1969) as adapted for use by Stifter and Corey (2001) and com-
pleted independently by both home visitors. The IBR was ap-
plied to infant behavior observed globally across the entire
home visit. The IBR scales included sociability, positive affect,
attention, activity level, reactivity, and irritability. The summed
mean score of the two data collectors’ ratings across both visits
were used. Alphas ranged from 0.70 (irritability) to 0.88 (atten-
tion).

Child emotionality. Assessments of peak emotional arousal in
response to three emotional challenge tasks at 7 months were
completed via independent coders’ ratings of low, moderate,
and high negative reactivity using Better Coding Approach
software (Danville, PA). A composite score for negative reac-
tivity for each task was created by summing the seconds of
low, moderate, and high negative reactivity and then calculat-
ing the proportion by dividing the sum of all negative reactiv-
ity scores by the total time of the task. Coders were trained to
achieve at least 0.75 (Cohen k) reliability on the reactivity
coding. Subsequent interrater reliability was calculated on
15% of cases using kappa coefficients, resulting in a kappa
of 0.94 for the masks task, 0.89 for the barrier task, and
0.86 for the arm restraint task.

Data analysis. Total sample size recruited at study entry was
1,292 with 1,204 children seen at age 7 months, 1,169 at 15
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months, 1,144 at 24 months, 1,123 at 36 months, and 1,066 at
48 months. Children missing cortisol at all time points or all
but one time point were excluded from the sample, yielding
an analysis data set of n¼ 1,135. To assess possible differen-
tial attrition in the sample at each time point we examined a
number of variables for which we had complete information
collected at child age of approximately 2 months including
state of residence, race, sex, child age at the 2-month fol-
low-up, an income screen, total number of household mem-
bers, number of children in the household, and primary care-
giver age, education, marital status, and employment. Few
variables indicated differences between families who were
present and those who were missing at each time point. For
example, at 15 months, no variables differentiated partici-
pants who were missing from those who were present. At
24 months, missing participants were more likely have been
older at the 2-month follow-up, to have resided in NC, and
to have a primary caregiver who was employed. To avoid
bias in estimates associated with missing data, we imputed
data using the MI procedure in SAS. We imputed 20 analysis
data sets and recombined regression estimates using the
MIANALYZE procedure in SAS, yielding efficiency in the
estimates of greater than 99%.

Results

Descriptive statistics for each of the variables in the analysis
are presented in Table 1. The table indicates that families were
on average below the poverty level at two out of five time
points during the child’s first 4 years with 112 families report-
ing income to need at or below the poverty line at all five time
points and 377 families never reporting household income to
need at or below the poverty threshold. Families reported
moderate levels of financial hardship and economic strain.
Ratings of families’ housing quality were generally high.
On average, there were four persons in the household over
the child’s first 4 years, and 355 families had one adult enter
the home during that time and 77 families had two adults en-
ter the home. In contrast, 363 families had one adult exit the
home and 114 families experienced two adults exiting the
home.

We first examined change in typical or resting salivary
cortisol levels in children over the first 4 years controlling
for time of day at each data collection time point (7, 15, 24,
and 48 months) and including linear and polynomial terms
for time. In the first model we included terms for length of
time in poverty, mean level of housing quality, mean level of
perceived economic strain (whether or not the family has
enough money), mean level of perceived economic sufficiency
(whether or not the family is able to sufficiently meet its needs
with the money that is has), and total number of adult exits and
entrances in the home. Terms for maternal education, child eth-
nicity and state of residence, and mean number of adults in the
household were included as covariates. For each variable we
initially included interactions with the linear and polynomial
terms for time of assessment. Coefficients from these interac-
tions making significant contributions to the model were re-
tained.

Results presented in Model A in Table 2 indicated main ef-
fects for African American ethnicity (b ¼ 0.20, SE ¼ 0.03,
p , .001), and housing quality (b ¼ 20.11, SE ¼ 0.03, p ,

.01), such that African American ethnicity and poorer housing
quality were both uniquelyassociated with an overall higher level
of cortisol during the child’s first 4 years. None of these variables
interacted with either the linear or polynomial terms for time. Re-
sults did indicate, however, an effect for the interaction of number
of adult exits from the home and time (b¼ 0.08, SE¼ 0.03, p ,

.05). Examination of this effect, presented in Figure 1, indicated
that children in families experiencing two or more adult exits
from the home over the first 4 years had higher levels of cortisol
at time points following 7 months of age than did children in fam-
ilies experiencing one or no adult exits. Of interest this effect is
present when controlling for the number of adult entrances into
the home over the first 4 years as well as the overall number of
adults in the household. The marginal negative effect for number
of adults in thehousehold indicatesthat agreaternumberofadults
in the household tended to be associated with an overall lower
level of child cortisol across the first 4 years, suggesting that
the effect for number of exits from the household is not merely
a function of a greater number of adults present.

The model presented in Table 2 also indicated a significant
polynomial term for the interaction of perceived economic
sufficiency with time (b ¼ 0.06, SE ¼ 0.03, p , .05). This
effect, graphed in Figure 2, indicated that children in families
reporting low perceived economic sufficiency had higher
basal cortisol values at age 7 months and exhibited a steeper
decline between 7 and 24 months followed by a flatter trajec-
tory toward 48-month levels than did children in families re-
porting higher perceived sufficiency.

Mediation of environmental risk by parenting

To examine the possibility that early caregiving mediates the
associations between environmental risks and child cortisol
presented in Model B in Table 2, we next included terms for
mean levels of observed positive and negative parenting over
the child’s first 2 years. Results indicated a main effect for ob-

Table 1. Descriptive statistics for variables in the analysis

Variable N Mean SD

Chronic poverty 948 1.71 1.81
Economic need 1131 2.06 0.53
Economic sufficiency 1131 2.55 0.84
Housing quality 1133 3.01 0.46
Number of persons 1135 4.38 1.22
Maternal education 1017 15.11 2.62
Positive parenting 1128 2.86 0.70
Negative parenting 1128 2.37 0.61
Infant temperament 1099 52.29 7.36
Peak emotionality 979 0.49 0.35
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served positive (b ¼ 20.05, SE ¼ 0.02, p , .05), but not
negative parenting and no interaction of either parenting vari-
able with the linear and polynomial terms for time. As seen in
Table 2, inclusion of the main effect for positive parenting in

the regression equation had little effect on the environmental
risk variables. Coefficients for these variables changed mini-
mally if at all, suggesting that the effects of environmental risks
on child cortisol over the first 4 years are distinct from observed

Figure 1. Relation between resting cortisol at 7, 15, 24, and 48 months of age and number of adult exits from the home; the solid line indicates 2 or
more exits, and the dashed line indicates 0 or 1 exits.

Table 2. Regression coefficients and standard errors for the mixed model analysis predicting cortisol level at child age 7,
15, 24, and 48 months

Model A Model B Model C

Variable B SE B SE B SE

Intercept 20.609 0.29 20.587 0.30 20.673 0.315
Time 20.003 0.23 20.003 0.23 20.003 0.228
Time×Time 20.007 0.05 20.007 0.05 20.007 0.045
PA White vs. NC White 0.040 0.03 0.043 0.03 0.049 0.034
NC Black vs. NC White 0.202*** 0.03 0.181*** 0.03 0.181*** 0.034
Time of day

7 months 20.012** 0.004 20.012** 0.004 20.012* 0.004
15 months 20.011* 0.004 20.011* 0.004 20.010* 0.004
24 months 20.017*** 0.004 20.017*** 0.004 20.017* 0.004
48 months 20.015*** 0.004 20.015*** 0.004 20.015*** 0.004

Time in poverty 20.007* 0.014 20.007* 0.014 20.007* 0.014
Adult exits from home 20.160 0.09 20.158 0.092 20.152 0.092
Adult Exits×Time 0.077* 0.03 0.077* 0.033 0.077* 0.033
Adult entrances 0.016 0.02 0.012 0.022 0.010 0.022
Maternal education 20.008 0.006 20.004 0.006 20.003 0.006
Housing quality 20.106** 0.03 20.091** 0.033 20.095** 0.033
Economic need 20.217 0.10 20.218 0.097 20.219 0.097
Time×Economic Need 0.173 0.089 0.173 0.089 0.173 0.089
Time×Time×Economic Need 20.034 0.02 20.034 0.018 20.034 0.018
Economic sufficiency 0.352* 0.15 0.352* 0.154 0.351* 0.154
Time×Economic Sufficiency 20.307* 0.14 20.307* 0.139 20.307* 0.139
Time×Time×Economic Sufficiency 0.055* 0.03 0.055* 0.027 0.055* 0.027
Number of adults 20.018 0.01 20.017 0.010 20.015 0.010
Positive parenting 20.048* 0.021 20.050* 0.021
Negative parenting 0.011 0.022 0.009 0.022
Peak emotionality 20.089* 0.036
Infant temperament 0.002 0.002

Note: PA, Pennsylvania; NC, North Carolina.
*p , .05. **p , .01. ***p , .001.
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parenting as measured in this study. The two terms in the
model demonstrating some change with the inclusion of posi-
tive parenting, however, were African American ethnicity as
indicated by the coefficient for the comparison of the North
Carolina African American and White samples, and housing
quality. Changes to these coefficients were relatively small,
however, indicating that only approximately 10% of the effect
of each variable on child cortisol levels over the child’s first 4
years was accounted for by observed positive parenting.

Moderation of environmental risk by parenting

Next we examined the possibility that observed positive par-
enting would moderate some of the effect of environmental
risk on child cortisol. The inclusion of terms for the interac-
tion of positive parenting with chronicity of poverty, housing
quality, adult exists from the home, and economic sufficiency
indicated no significant interactions.

The role of child temperament

We then examined child temperamental reactivity and ob-
served emotional reactivity at age 7 months as influences
on child cortisol levels over the first 4 years. As seen in Model
C in Table 2, inclusion of terms for the temperament compos-
ite as reported by the data collectors using the modified ver-
sion of the Bayley IBR rating scale and the observed peak
emotional reactivity to the emotion challenge tasks indicated
a main effect for the latter variable only. Neither variable in-
teracted with the linear or polynomial terms for time. The
finding for emotional reactivity indicated that children who
were observed to be more emotionally reactive to the tasks
had lower rather than higher levels of cortisol over the first
4 years, indicating that greater emotional reactivity at this
age is a positive characteristic of children in relation to change
in cortisol levels. The observation of the unique effect for this
variable when controlling for environmental risk and parent-

ing suggests that higher reactivity to emotional stimulation in
infancy may indicate of some aspect of prenatal or early post-
natal experience leading to higher emotional reactivity and
lower levels of cortisol.

Discussion

To our knowledge, this is the first study of its kind to examine
change in cortisol in early childhood using a prospective lon-
gitudinal design from infancy to age 4 years in which partic-
ipants were representatively sampled from predominantly
low-income and nonurban communities. As such, the find-
ings tended to confirm the expectation that early adversity in
the context of poverty would be associated with increased al-
lostatic load as indicated by higher levels of resting or basal
cortisol in early childhood. Our analysis indicated that both
the material and psychosocial aspects of poverty are relevant
to understanding how poverty might get under the skin to in-
fluence development. Specifically several aspects of poverty
over the child’s first 4 years, including housing quality, per-
ceived economic insufficiency, and adult exits from the
home were each uniquely associated with higher resting
levels of cortisol in children. In particular, we were interested
in the extent to which the results would indicate a pattern of
increasing allostatic load in which chronic adversity cumula-
tively leads to elevations in stress physiology. Results from
our analysis did indicate that this pattern was present for chil-
dren in homes in which two or more adult exits occurred. Spe-
cifically, resting cortisol levels at 7 months of age for children
in homes that experienced two or more adult exits over the
first 4 years were no different from those of children in homes
with one or no exits. At subsequent time points, however, the
difference in cortisol levels associated with exits increased as
a function of time such that the difference in cortisol levels at
age 48 months associated with this variable was substantial.
This trend in cortisol associated with exits from the home
was driven by the fact that children in homes with one or

Figure 2. Relation between resting cortisol at 7, 15, 24, and 48 months of age and perceived economic sufficiency; the solid line indicates the
highest 25% of perceived insufficiency, and the dashed line indicates the lower 75% perceived insufficiency.
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no exits exhibited a normative or typical decline in average
resting cortisol levels in early childhood. The finding here
that this pattern of typical or normative change is absent for
children experiencing a high number of exits suggests a risk
related alteration of the set point of the HPA axis as reflected
in salivary cortisol levels.

In addition to the finding of an effect of exits from the home
on cortisol levels over time, our regression models also indi-
cated that the effect of perceived economic insufficiency varied
as a function of time in a polynomial fashion. This pattern was
distinct from that for exits in that cortisol levels were higher at
age 7 months for children in homes in which caregivers re-
ported greater difficulty making ends meet, but the decline in
resting cortisol for these children was steeper between 7 and
24 months leading to no difference in cortisol at 48 months as-
sociated with perceived insufficiency. It may be that this effect
indicates that stress associated with economic insufficiency is
most acute in the infancy period when caregivers are faced
with the care of a newborn and the dependence of the child
on the caregiver is very high. It may also be indicative of the
idea that caregiver concerns and anxiety related to insuffi-
ciency is most disruptive to the parent–child relationship at ear-
lier rather than later time points.

Main effects but not interactions with time were observed
for housing quality, African American ethnicity and observed
prototypically sensitive caregiving behavior. Each of these
variables was uniquely associated with cortisol in early child-
hood. Children facing chronic poverty, living in lower quality
housing, of African American ethnicity, and receiving lower
levels of positive parenting were found to have consistently ele-
vated cortisol levels in early childhood that persist at least
through age 4 years.

Possible mediation of risk through caregiving

In this analysis we were particularly interested in the extent to
which caregiving might mediate the association among risk
variables and child cortisol. This interest was motivated by
evidence from a variety of species suggesting that caregiving
behavior serves as a major conduit of information about the
environment, working through stress hormones to increase
or decrease defensive, that is, reactive responses to environ-
mental contingencies (Cameron et al., 2005). In environments
that are inhospitable and unpredictable, types of caregiving that
are less sensitive and more directive would be expected to in-
crease resting levels of stress hormones and to potentiate more
reactive responses to stimulation. In contrast, more prototypi-
cally sensitive types of care would be expected to lead to
low resting levels and more flexible up- and downregulation
of stress hormones associated with more well-regulated re-
sponses to stimulation. In our analysis, however, we found
no evidence to suggest that either positive or negative aspects
of caregiving behavior were mediating relations between risk
and child cortisol in a way that is consistent with models of
context, caregiving, and stress physiology in animal models.
As well, unlike the findings of Evans, Kim, Tking, Tesher,

and Shannis (2007) in which caregiving was shown to mod-
erate an association between psychosocial risk and allostatic
load in a sample of children in early adolescence, we found
no evidence of the moderation of risk by positive caregiving
behavior in early childhood.

Elevated cortisol levels in African American children

Two variables that did share some variance in child cortisol
with positive parenting were African American ethnicity
and housing quality; however, this overlap was small. Al-
though findings for housing and parenting behavior were
somewhat expected, the finding in this sample that cortisol
is elevated in African American children relative to their
White counterparts even when controlling for multiple as-
pects of risk is somewhat surprising. The finding for African
American ethnicity may indicate an enduring intergenera-
tional effect of social injustice on stress physiology levels
in African Americans such as that hypothesized to be associ-
ated with intractable disparities in birth and health outcomes
(Kuzawa & Sweet, 2009; Lu & Halfon, 2003). We have noted
this pronounced effect for African American ethnicity in prior
analyses of child cortisol in the Family Life Project data set
and note here that it is robust even when including a wider
variety of aspects of risk associated with poverty than those
we have examined previously (Blair et al., 2008, in press).
We also note that the effect observed here in which positive
parenting partially mediated the association between Africans
American ethnicity and cortisol was also observed in an anal-
ysis using structural equation modeling to examine the rela-
tion of poverty to basal cortisol levels at 7, 15, and 24 months
and executive functioning at age 36 months (Blair et al., in
press). In that analysis, the mediated effect for African Amer-
ican ethnicity through positive parenting on cortisol was sim-
ilarly small even in a latent variable framework; however, the
effect for African American ethnicity on executive function
and IQ was completely mediated through a combination of
cortisol, parenting, and household risk variables.

Temperament and emotional reactivity in infancy

In terms of differential susceptibility theory our findings indi-
cated that our measure of child temperamental negativity was
not a unique indicator of child salivary cortisol levels in a
way that would suggest cortisol might act as an intermediate
indicator of higher versus lower susceptibility to environmental
influence. When we examined the effect for the data collectors’
reports of child temperamental irritability to the regression
equation predicting cortisol, this variable was not uniquely re-
lated either to child cortisol levels overall or to change in cor-
tisol levels over time. It may be that irritability at later time
points is associated with cortisol levels but the important point
for this analysis is that the early measure of temperament,
which is presumed to be most indicative of the aspect of child
behavior acted on differentially by the environment, was not
related to cortisol over and above the measures of environ-
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mental quality. In sum, it appears that environmental quality
may be actively shaping cortisol levels in children in a way con-
sistent with the theory of allostasis, rather than cortisol levels
representing a somewhat unique aspect of child functioning
that could promote or impede development in a for better
and for worse manner in high versus low-quality environments
as predicted by the differential susceptibility theory.

Conclusions, implications, and limitations

In conclusion, in this paper we examined the extent to which
early environmental adversity might be shaping underlying
stress physiology in ways that have implications for child de-
velopment and longer term risk for psychopathology as sug-
gested by the principles of allostasis and allostatic load. We
found that two aspects of the early environment in the context
of poverty, adult exits from the home and perceived economic
insufficiency, were related to salivary cortisol in a time-de-
pendent manner. The effect for the first of these, exits from
the home, was consistent with a process of allostasis in which
the effects of adversity accumulated over time. The effect for
the second, perceived insufficiency was somewhat different
in that children in families reporting a high level of insuffi-
ciency exhibited higher levels of cortisol in infancy but
then exhibited a typical but steeper decline in typical or rest-
ing cortisol levels at subsequent time points. In contrast to the
interaction of each of these variables with time, we found
main effects for poor housing quality, African American eth-
nicity, and low positive caregiving behavior in which each
was uniquely associated with an overall higher level of corti-
sol from age 7 months to 48 months. The absence of an inter-
action between time and each of these variables may indicate
that each represents a preexisting influence on cortisol or that
they reflect aspects of experience that occurred in the prenatal
or early postnatal (prior to age 7 months) environment to in-
crease cortisol levels in early childhood.

One implication of our findings for the study of developing
psychopathology concerns the indication in an increasing num-
ber of studies that elevated basal cortisol levels are associated
with risk for internalizing disorders (Lopez-Duran, Kovacs,
& George, 2009). Longitudinal studies with children have
tended to demonstrate associations between elevated cortisol
and internalizing disorders and low levels of cortisol and exter-
nalizing disorders (Gunnar & Vazquez, 2006). Given a gener-
ally high correlation between externalizing and internalizing
types of behaviors in childhood, however, elevated cortisol
levels may be a nonspecific indicator of risk for later symptom
severity leading either to internalizing or externalizing disor-
ders depending on the types of experiences encountered in
middle childhood and early adolescence (Shirtcliff & Essex,
2008). Dysregulation of the HPA axis is characteristic of a
range of mental health problems and as such our findings sug-
gest that the aspects of the home environment in combination
with child temperament may lead through processes of allo-
static load to increases in levels of basal cortisol that render
the individual more susceptible to the types of experiences in

the family, with peers, and in school and community contexts
that precipitate the development of psychopathology, whether
of an internalizing or externalizing variety.

Although our results provide a somewhat unique prospec-
tive look at levels of salivary cortisol in early childhood with
implications for the development of psychopathology, our
analysis is limited in certain respects. One of these limitations
concerns the fact that our study design was such that we ex-
amined cortisol for each individual at each time point using
only one saliva collection, and that time of day of data collec-
tion varied for individuals in the sample. This aspect of our
cortisol data is potentially problematic in that cortisol follows
a pronounced diurnal pattern in which resting levels are high
in the morning and low in the evening. Therefore, the extent
to which time of day of sample collection might have varied
systematically with risk in our sample is a potential threat to
the validity of our findings. Furthermore, given that we were
collecting data in the home with young children, it is possible
that the presence of the data collector in the home, a stranger,
may have differentially influenced cortisol levels in children,
with more temperamentally anxious children demonstrating a
reactive response to the stranger’s presence. Three aspects of
our data collection, however, help to alleviate concerns relat-
ing to these points. The first is that although time of day of
data collection did vary in the sample, the majority of families
participating in the study were seen between the hours of 10
a.m. and 4 p.m., a time of relatively gradual diurnal change
in cortisol. Second, although higher income families were
somewhat more likely to be seen later in the day than lower
income families, raising potential concerns about the artificial
inflation of the association between cortisol and risk, the as-
sociation of income with time of day of data collection was
very small and we controlled for time of day of data collection
in all of our analyses. Third, for all but the last time point in
our study, saliva samples were collected late in the home visit
for data collection, at which point the data collectors had been
in the home for at least 1 hr, providing ample time for any ef-
fect of the presence of the stranger in the home on child cor-
tisol levels to dissipate (Fernald & Gunnar, 2009).

A second limitation to our study concerns the fact that we
have only salivary cortisol as an indicator of allostatic load
of environmental risk on stress physiology. Although salivary
cortisol is an excellent marker for the impact of environmental
stress and has been used in many studies, it is limited in certain
respects. The HPA is a complex system for which levels of cor-
tisol detectable in saliva are merely an endpoint of a dynamic
process. As valuable as salivary cortisol has been as a marker
of alterations to stress physiology, however, in the examination
of allostatic load it is desirable to have multiple indicators of
stress physiology, including measures of the sympathetic–
adrenal system. For example, the measurement of stress phys-
iology in the research of Evans and colleagues (e.g., Evans
et al., 2007) included measures of overnight urinary levels of
catecholamines as well as cortisol. A further welcome addition
to the measurement of allostatic load in children would be mea-
sures of cardiac physiology, both respiratory sinus arrhythmia
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as well as the preejection period, and to have markers of in-
flammatory immune system processes. Although it was not
feasible in the design of this study to include multiple measures
of stress physiology and immune system processes due to con-
straints on data collection and participant burden, we hope that
in subsequent data collections with this sample and in other
studies to have more extensive measurement of allostatic load.

A third further somewhat general but no less pressing lim-
itation to our findings is that the study is correlational and can
provide no causal evidence of the association between envi-
ronmental adversity and cortisol levels in children. Recent ex-
perimental evaluation of an intervention for children experi-
encing severe caregiving disruption associated with foster
care (Fisher, Stoolmiller, Gunnar, & Burraston, 2007) and
quasiexperimental evaluation of an income redistribution in-
tervention in low-income communities in Mexico (Fernald &
Gunnar, 2009) indicated that changes in the caregiving envi-
ronment and in the financial status of homes have meaningful
effects on child cortisol levels. The evaluation of the foster
care intervention indicated that therapeutic treatment to in-
crease caregiving sensitivity for children experience multiple
placements resulted in an increasingly typical diurnal pattern
in cortisol for children in the treated group. Similarly, the
evaluation of the income redistribution program indicated
that children in homes in a community receiving income sup-
plements had lower levels of cortisol adjusted for time of day
and for the presence of the data collectors in the home than
did children in a carefully selected comparison community.

Findings such as these help to bolster confidence in the as-
sociations between environmental adversity and child corti-
sol reported here and suggest that efforts to alleviate poverty
and improve the experiences of children in poverty can have

meaningful benefits to child health and well-being. Longitu-
dinal associations among disruptions in early caregiving, al-
tered levels of cortisol, and increased risk for psychological
disorders suggest a process through which early life experi-
ences get under the skin to increase risk for mental health dis-
orders. Our analysis, which is one of the first to examine pro-
spective longitudinal data on this process, suggests that
efforts to alleviate stress associated with poverty and that in-
clude the measurement of allostatic load as an aspect of the
evaluation of such efforts are likely to provide valuable
data with which to inform social policy directed at fostering
the well-being of children in poverty. In particular, these data
suggest the value of programs to enhance caregiving sensitiv-
ity as one primary mechanism through which to beneficially
influence child development. For example, using a random-
ized design, Landry and colleagues (2006) have shown that
training to assist parents in interacting in a developmentally
sensitive manner with infants and toddlers through interac-
tive coaching and provision of targeted examples results in
higher levels of communicative behavior and complex play
in infants and lower levels of negative affect. Associations
between the psychosocial characteristics of the home and
child levels of cortisol that are independent of parenting in-
fluences, however, also suggest the need for services that tar-
get family economic well-being and and household quality,
directly. Programs that alleviate poverty (including the
Earned Income Tax Credit) and that buffer families from
some of poverty’s most deleterious sequelae (such as Section
8 housing choice vouchers) would be expected to have clear
salutary benefits for low-income children’s trajectories of
regulation and allostasis, over time (Eamon, Wu & Zhang,
2009).
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