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Abstract
Atypical diurnal patterns of hypothalamic-pituitary-adrenal (HPA) axis activity have been observed
samples of individuals following early life adversity. A characteristic pattern arising from disrupted
caregiving is a low early morning cortisol level that changes little from morning to evening. Less
well understood is the plasticity of the HPA axis in response to subsequent supportive caregiving
environments. Monthly early morning and evening cortisol levels were assessed over 12 months in
a sample of 3- to 6-year-old foster children enrolled in a randomized trial of a family-based
therapeutic intervention (N = 117; intervention condition n = 57; regular foster care condition n =
60), and a community comparison group of same-aged, nonmaltreated children from low-income
families (n = 60). Latent growth analyses revealed stable and typical diurnal (morning-to-evening)
cortisol activity among community comparison children. Foster children in the intervention condition
exhibited cortisol activity that became comparable to the comparison group children over the course
of the study. In contrast, children in regular foster care condition exhibited increasingly flattened
morning-to-evening cortisol activity over the course of the study. In sum, improvements in caregiving
following early adversity appear to have the potential to reverse or prevent disruptions in HPA axis
functioning.
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Introduction
Alterations in hypothalamic-adrenal-pituitary (HPA) axis activity (as measured by salivary
cortisol activity) have been observed in children following a range of adverse early life
experiences. For example, atypical patterns of HPA axis activity have been reported in children
who experienced the early loss of a caregiver (Meinlschmidt and Heim, 2005), in children who
were maltreated in their family of origin (De Bellis et al., 1999; Shea et al., 2004), and in
children who were subjected to severe neglect as a result of institutional rearing in developing
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countries (Carlson and Earls, 1997). The characteristic pattern of alterations noted for these
children is a flattening of diurnal (morning-to-evening) cortisol activity, owing largely to low
early morning cortisol levels (Gunnar and Vazqeuz, 2001). Similar patterns associated with
chronic stress have been noted in adults (Heim et al., 2000), and it is presumed that these
flattened or hypoactive patterns reflect downregulation of the HPA axis following periods of
heightened activity early in life (Friese et al., 2005).

Animal models of early adverse experiences have provided evidence that manipulations
affecting the development and functioning of the HPA axis operate, at least in part, via their
impact on maternal care (Smotherman and Bell, 1980). In rodents, manipulations impacting
the dam’s licking and grooming of her pup have shown long-term effects on HPA axis reactivity
and regulation; similar results were found when dams characteristically provided high or low
levels of licking and grooming (Meaney and Szyf, 2005). In nonhuman primates, manipulations
that disrupt the mother–infant relations—including maternal deprivation and repeated
separation—produce offspring that are behaviorally vulnerable to stressors (Suomi, 1997;
Levine, 2005). In several recent studies of rhesus infants reared under conditions of maternal
deprivation or repeated, unpredictable maternal separations, researchers have reported atypical
diurnal cortisol activity resulting particularly from low early morning cortisol levels (Boyce
et al., 1995; Sánchez et al., 2005). These animal data suggest that circumstances that limit a
caregiver’s ability to serve as an external source of affective and physiological regulation
during critical points in development impact the development of the HPA axis. Moreover, these
studies have implications for understanding how disturbances in the caregiving system during
early human development might impact the developing child (Heim and Nemeroff, 2001;
Gunnar et al., 2006).

The association between disruptions in maternal care and altered HPA axis activity might be
particularly relevant for foster children. Several recent studies have shown that, like other
maltreated children and children reared in neglectful institutional care, foster children show
atypical diurnal cortisol activity. These patterns often involve very low early morning cortisol
levels with little change from morning to evening. For example, Dozier et al. (2006) reported
smaller morning-to-evening cortisol changes in a sample of 55 foster children (placed in care
in infancy) relative to a non–foster care sample. Similarly, Fisher et al. (2006) documented that
a significantly greater proportion of foster preschoolers entering new placements had very low
early morning cortisol levels compared to a non–foster care sample of comparable
socioeconomic class. Consistent with the hypothesis that disruptions in caregiving might
mediate these effects, there is emerging evidence (Bruce et al., 2007) that foster children who
exhibit extremely low early morning cortisol levels are likely to have experienced more severe
neglect and more foster placement disruptions during infancy and toddlerhood compared to
those with more typical early morning cortisol levels.

Inasmuch as there are over 500,000 foster children in the United States (U.S. Department of
Health and Human Services, 2006), issues surrounding altered HPA axis activity and the
associated symptoms of anxiety and affective dysregulation in foster children could have
considerable public health implications. Numerous studies have documented exceptionally
high risk for poor outcomes in this population. For example, foster children have been found
to exhibit very high rates of psychiatric symptoms and mental disorders (Landsverk et al.,
2001), substance abuse (Hurlburt et al., 2004), poor academic outcomes (Fanshel, 1978;
Wodarski et al., 1990; Stock and Fisher, 2006), and physical growth retardation (Wyatt et al.,
1997; Pears and Fisher, 2005). Increased understanding about the associations between specific
dimensions of early stress, alterations in HPA axis activity, and negative outcomes has the
potential to clarify explanatory models regarding risk and protection in foster children.
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In addition, there is a need to better understand the limits of HPA axis plasticity following
exposure to early adversity. Although this is a relatively new line of inquiry, converging sources
of evidence have suggested that the HPA axis remains mutable over time and could be impacted
by therapeutic interventions and other environmental changes. First, studies of rodents exposed
to “enriched environments” following early adversity have shown improved neural
development (e.g., greater synaptic density; Turner and Greenough, 1985), although the data
on whether enriched environments lead to more typical neuroendocrine functioning are
equivocal (Moncek et al., 2004). Second, psychotherapeutic treatment studies on adult human
populations (with and without psychopathology) have shown similar improvements in HPA
axis functioning. For example, Mommersteeg et al. (2006a) examined diurnal cortisol levels
in a psychotherapy treatment study of adults with burnout following chronic stress exposure.
Compared to the healthy adults from the comparison group, the adults in the treatment group
exhibited lower pretreatment early morning cortisol levels that increased significantly
following 14 treatment sessions. Similarly, several studies have documented the positive
effects of stress management interventions in reducing healthy individuals’ cortisol responses
to acute stressors (Gaab et al., 2003; Hammerfald et al., 2005; Gaab et al., 2006). Third, in a
series of studies on children adopted in the United States following institutional rearing in
developing nations, researchers have documented low early morning cortisol levels at the time
of adoption that became more typical (i.e., having a morning peak in cortisol that declines
gradually through the day) after time in the adoptive families (Bruce et al., 2000; Gunnar et
al., 2001). The evidence from these three sources supports the idea that therapeutic
interventions might have the potential to impact HPA axis functioning in children following
exposure to early stress.

In the present study, we examined whether foster preschoolers randomly assigned to a
therapeutic family-based intervention would develop more typical diurnal cortisol activity over
time compared to foster preschoolers randomly assigned to regular foster care. Typical diurnal
cortisol activity was defined by comparing children in both foster care groups to a group of
same-aged, nonmaltreated, low-income community children. The intervention (described
below) has been documented to reduce the risk (particularly when multiple prior foster
placements are involved) for failed adoptions or reunifications with birth parents following
foster care (Fisher et al., 2005). To examine changes in diurnal cortisol activity, we tracked
monthly early morning and evening cortisol levels over 12 months following a new foster
placement.

It is important to note that the focus of the current study was on only one component of HPA
axis functioning: basal diurnal cortisol activity. There is a vast literature involving human and
animal studies focusing on the responsiveness of the HPA axis to laboratory-induced and
naturally occurring stressors. We chose to focus on basal activity for several reasons. First, as
is noted above, alterations in this area of HPA functioning have been observed among foster
children and similar human and animal populations with early disruptions in maternal care.
Second, no reports in the literature have shown laboratory-induced social stressors to reliably
produce HPA axis activity in preschoolers. Third and finally, there are ethical concerns with
using social or physical stressors in this vulnerable population.

Methods
Participants

The sample was comprised of 3- to 6-year-old foster preschoolers entering new placements
(N = 117) under the care of a public child welfare agency in a moderate-sized, Pacific Northwest
city with a population of about 150,000. To be eligible for the study, the placement had to be
expected to last for at least 3 months. Recruitment occurred continuously over 3.5 years.
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Eligible participants were randomly assigned to the Multidimensional Treatment Foster Care
for Preschoolers (MTFC-P) intervention condition or to a regular foster care (RFC) comparison
condition. Following randomization, a staff member contacted the child’s caseworker (i.e., the
legal guardian while the child is in care) and requested consent for the child to participate in
the salivary cortisol collection project, as it was not a part of the original randomized trial data
collection. A staff member then contacted the foster parent(s) for recruitment purposes. To be
successfully recruited, the caseworker and the foster family had to consent to participate.
Consent for participation was obtained for 89% of the MTFC-P children (n = 57) and 82% of
the RFC children (n = 60). Acceptance rates did not differ between the groups, χ2 = 1.291, df
= 1, p = .26, indicating that randomization prior to recruitment did not introduce sampling bias
into the study. All research staff members involved in data collection were blind to the condition
of children and caregivers.

The foster placements at study entry included first-time foster placements, moves between
foster homes, or reentries into foster care following failed permanent placements. Children in
the two foster care groups did not differ on placement type at baseline, χ2(3) = 2.24, p = .52,
and had spent comparable numbers of days in care prior to baseline (RFC M = 139.20, SD =
141.03; MTFC-P M = 204.40, SD = 221.19; t(114) = −1.9, p = .06).

A second comparison group of same-aged, low-income, nonmaltreated community children
(CC) and their families were also recruited to participate (n = 60). The CC families consented
to a screening using computerized child welfare system records to verify that they had no
previous reports of maltreatment or involvement in child welfare services. Median income for
the CC sample was $15,000–19,999, and median education (assessed via a categorical system)
was some community college/vocational school.

There were no differences between groups on mean child age or gender. The mean age in years
at baseline was 4.4 (M range = 4.3–4.5; SD range = .79–.86), F(2, 174) = 1.13, p = .33. At
baseline, boys made up 49% (n = 28) of the MTFC-P group, 58% (n = 35) of the RFC group,
and 53% (n = 32) of the CC group, χ2(2) = .10, p = .61. The ethnicity breakdown did not differ
between groups, χ2(8) = 9.07, p = .34. Combined across groups, the sample was 89% European
American, 1% African American, 5% Latino, and 5% Native American, which is representative
of the community in which the sample was recruited. Across groups, retention was high: 96.6%
at baseline and 80% at 12-months postbaseline. Treatment of missing data is discussed below.

MTFC-P Group Procedures
MTFC-P is family-based therapeutic intervention that was designed to addresses the
developmental and social-emotional needs of foster preschoolers. It was delivered via a team
approach to foster children, their foster parents, and their permanent placement resources
(birthparents or adoptive relatives/nonrelatives). Prior to placement, foster parents completed
12 hours of intensive training. After placement, foster parents worked with trained consultants
and received support and supervision via daily telephone contacts, weekly foster parent group
meetings, and 24-hour staff availability. The foster parent consultants facilitated the
maintenance of a warm, responsive, consistent environment in which positive behavior was
encouraged and problem behavior was limited. Children received individualized treatment
designed to improve behavior in preschool/daycare and home settings. Children attended
weekly therapeutic playgroup sessions designed to facilitate school readiness in which
behavioral, social, and developmental competencies are addressed. When children were to be
permanently placed, family therapists worked with these families to familiarize them with the
parenting techniques used by the foster parents. This helped to facilitate consistency between
settings. Children typically received services for 6–9 months, including the period of transition
to a permanent placement. For children remaining in long-term foster care, the services lasted
until their behavior stabilized and the risk of placement disruption appeared to have been
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mitigated. Treatment fidelity for all MTFC-P components was monitored via progress notes
and checklists completed by the clinical staff.

MTFC-P has been shown to impact attachment-related behaviors, having a particularly strong
effect on increasing secure attachment behaviors and decreasing avoidant attachment behaviors
compared to children in regular foster care (Fisher and Kim, in press). MTFC-P has also been
documented to improve permanent placement success rates (Fisher et al., 2005). A more
detailed description of the MTFC-P program and its theoretical underpinnings can be found in
Fisher et al. (1999) and in Fisher and Chamberlain (2000).

RFC Group Procedures
RFC children received routine services in state foster care, which commonly involved weekly
individual psychotherapy. Some RFC children also received developmental screening and, if
delays were found, special education services.

Measures
Salivary cortisol collection and assay—Monthly early morning and evening salivary
cortisol samples were gathered on 2 consecutive days for 12 months (M1–M12). For foster
children, M1 assessments occurred 3–5 weeks postplacement. Saliva collections occurred 30
min after the child awoke and before eating or drinking (AM) and 30 min before bedtime (PM).
Following procedures described in Schwartz et al. (1998), caregivers were trained by research
staff members to complete saliva collection at home. To stimulate saliva flow, the child chewed
a piece of Trident® Original Flavor Gum (Cadbury Adams USA, Plano, TX) for 1 min. The
child then spat the gum out, and the caregiver tipped a Salivette® (Sarstedt, Newton, NC)
absorbent roll from a protective plastic tube into the child’s mouth without touching the roll.
The child kept the role in his/her mouth for 1 min and was instructed not to touch it with his/
her fingers. The caregiver then assisted the child in inserting the roll back into the protective
tube. The caregiver then filled out the date and time of the collection on the tube label. All
samples were kept in the participants’ freezers until collected for assay by a research staff
member. Samples were assayed using the High Sensitivity Salivary Cortisol Enzyme
Immunoassay Kit (Salimetrics, State College, PA). Both samples from each child were
included in the same assay batch to minimize within-subject variability. Samples were assayed
in duplicate and were averaged. Duplicates varying by more than 15% were reassayed. The
intraassay and interassay coefficients of variance were 2.69% and 10.98%, respectively.

Certain medications, general health, food intake, and sleep patterns have been shown to affect
cortisol levels (de Kloet, 1991). Thus, children using steroid-based medications (e.g., steroidal
asthma inhalers) on a regular basis were excluded from the study. Caregivers were instructed
and reminded during daily phone conversations to avoid sampling when their children
periodically used steroid-based medications or were ill. Caregivers also completed brief
questionnaires regarding the sampling times and their children’s eating and sleeping behaviors
on the sampling days. These questionnaires were inspected to ensure compliance with sampling
guidelines. Of nearly 8,000 saliva samples, 572 were missing (7%; 315 AM samples and 257
PM samples) because the caregivers did not return the samples or did not collect data at one
of the sampling times. In addition, 9 samples were excluded due to out-of-range cortisol values
(> 2.0 μg/dl; 2 AM samples and 7 PM samples), and 72 samples were excluded due to incorrect
sampling time (i.e., collection time recorded on sample tube and in diary differed by more than
30 min or did not correspond to the sampling window; 36 AM samples and 36 PM samples).

Data Analysis and Statistical Modeling
The primary outcome measure was a difference score computed by subtracting the daily PM
cortisol level from the daily AM cortisol level (AM–PM cortisol change). This provided a
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rough index of the diurnal cortisol activity. Although additional diurnal cortisol collections
(e.g., midmorning and afternoon) would have better defined the diurnal pattern, the highly
vulnerable nature of the children in this sample and an emphasis on limiting the assessment
burden on foster children and their caregivers guided our selection of only two time points.

Our analytic plan involved examining group differences over time in AM–PM cortisol change
and, if significant group differences were obtained, examining AM and PM cortisol levels
separately. This strategy would allow us to decompose AM–PM cortisol change into its two
component measures to determine whether variations in AM cortisol levels, PM cortisol levels,
or both contributed to group differences in this index of diurnal cortisol activity.

As is illustrated by the path diagram in Figure 1, the AM–PM cortisol change model had three
levels, with the two AM–PM cortisol change values on consecutive days (i = 1–2) nested within
12 months (j = 1–12), which were nested within 177 subjects (k = 1–177). The M2–M11 arrows
indicate repetition of the cortisol assessments and the monthly latent cortisol variables. In
accordance with path diagram conventions, latent variables are shown in circles, measured
variables are shown in squares, and regression paths are shown as unidirectional arrows.
Residual variances at the month level within subjects (mj,k) and at the day level within months
within subjects (ei,j,k) were constrained to be equal.

In our preliminary analyses, the collection time and the difference between time of waking and
collection time were entered as time-varying covariates to reduce extraneous day-today
variation. The effects were significant but did not alter the group effects or conclusions about
their significance, so they were dropped from the model. The subject-level random effects
included initial status and linear change over time from M1 to M12 (slope). An intervention
effect was included in the MTFC-P group to capture potential variation across participants in
response to MTFC-P. The random intervention effect was allowed to correlate with initial
status to test the possibility that differential responses to MTFC-P were related to initial AM–
PM cortisol change. (For more details about this model and parameterization, see Muthén and
Curran [1997]).

Fixed effects included the means of initial status and change over time. Group membership
was included by dummy-coded contrasts, with the CC and RFC groups contrasted against the
MTFC-P group. Change Over Time × Group interaction effects represent CC and RFC
differences from MTFC-P; thus, the Change Over Time × RFC interaction captures the
intervention effect, and the Change Over Time × CC interaction indicates whether the MTFC-
P group changed at the same linear rate as the CC group. The correlations among the subject-
level random effects were freely estimated (although not shown in the diagram). The models
for AM and PM cortisol levels were identical to the AM–PM cortisol change model. All models
were estimated using the “lme” function (Pinheiro and Bates, 2000), which is a part of both
the R (R Development Core Team, 2005) and S-Plus (Insightful Corporation, 2001) statistical
packages. Model specifications (i.e., normality of random effects, invariance of month and day
level residual variances) were thoroughly checked through residual diagnostic plots, and
corrective action was taken as necessary.

Missing data—The models for AM–PM cortisol change, AM cortisol level, and PM cortisol
level were estimated using all the available data for all participants at all time points, even
when only partial data was available. This approach is the current recommended standard for
growth models (Schafer and Graham, 2002) and performs better than the alternative approaches
(e.g., use of only participants with complete data or single imputation of missing values) in the
sense of minimizing potential bias due to attrition relative to the baseline sample and
maximizing power. The model was estimated assuming ignorable missingness; that is, a
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particular cortisol value on a given day did not interfere with the collecting and recording of
that particular cortisol value.

The total amount of missing data was not equally distributed across groups. The amount of
missing AM–PM, AM, and PM data was highest for the RFC group, followed by the MTFC-
P group and then the CC group. The differences between the MTFC-P and CC groups were
not significant, but the two groups had significantly fewer missing data than the RFC group.
At no assessment interval were more than 35% of the data missing for any the group. Missing
data do not necessarily indicate attrition from the study; rather, among children who remained
enrolled in the study, there were instances in which it was not possible to collect cortisol for
one or more monthly intervals. Given the robustness of the analytic procedures for dealing
with missing data, group differences in missing data, though noteworthy, are unlikely to have
affected the results.

Results
The means and standard deviations for monthly AM–PM cortisol change, AM cortisol level,
and PM cortisol level by group are shown in Table 1.

AM–PM Cortisol Change
Residual diagnostics on initial fits for AM–PM cortisol change revealed no mean differences
across groups at initial status but extremely low and high values for the day-level residuals. To
remedy this and to prevent extreme outliers from distorting the results, we trimmed the AM–
PM cortisol change distribution at the 1st and 99th percentiles (scores below the 1st percentile
and above the 99th percentile were recoded to the 1st and 99th percentiles, respectively).
Likelihood ratio tests for initial fits also indicated that the random intervention effect in the
MTFC-P group and the associated correlations were not significant, χ2 = 0.76, df = 3, p = .86,
so they were dropped from the model.

Changes in mean AM–PM cortisol change by group are shown in Figure 2. The RFC group
started at a fitted AM–PM cortisol change of about .37 μg/dl; the MTFC-P group started at a
fitted AM–PM cortisol change of about .36 μg/dl; and the CC group started at a fitted AM–
PM cortisol change of about .39 μg/dl. Over time, however, the groups diverged. The RFC
children showed a drop of .09 μg/dl to a fitted mean level of .28 μg/dl by T12. In contrast, the
MTFC-P remained unchanged at .36μg/dl, and the CC group showed a marginal decrease of .
04 μg/dl to a fitted level of .35 μg/dl at T12.

As is shown in Table 2, the Change Over Time × RFC interaction was negative and significant,
indicating that the RFC group developed more flattened diurnal cortisol activity over time
relative to the MTFC-P group. Follow-up tests (not shown) indicated that the change over time
for the RFC group was significantly different from zero. The Change Over Time × CC
interaction was not significant, indicating that the CC group’s diurnal cortisol activity did not
differ from that in the MTFC-P group. Follow-up tests (not shown) indicated that the change
over time was not significantly different from zero for either group. The MTFC-P versus RFC
effect size for change over time (when taken as the mean difference in change over time divided
by the within-group standard deviation in change over time) was −.65, a medium effect.

The estimated residual standard deviations of all the random effects were significant. The day-
level residual was clearly the largest source of variation in AM–PM cortisol change, followed
sequentially by group-level initial status and the month residual. The correlation of change
over time with initial status was significant and negative. Residual diagnostics on initial fits
suggested that the day-level residual variance was smaller in the CC group than in the RFC
group and dropped in the MTFC-P group after M5 compared to the RFC group to a level
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comparable to the CC group. Residual diagnostics also suggested higher day-level variance at
higher fitted daily values for all groups. Variance parameters to allow for such shifts are
presented in Table 2; as can be seen, the multiplicative shrinkage factor (.92) was significantly
smaller than the null hypothesis value of 1, z = 3.04, p < .01, indicating lower day-level
variability for the CC group for M1–M12 and comparable lower day-level variability for
MTFC-P after M5. Models with a similar shrinkage parameter for the RFC group after M5
(not shown) did not produce significant results. The shrinkage factor for MTFC-P may have
resulted from shrinkage in the day-level variance of the PM cortisol levels after M5 (discussed
below). The variance parameter to allow for increasing day-level variance at higher fitted daily
levels was highly significant, z = 6.94, p < .001. This pattern was not an uncommon departure
from standard assumptions especially for positively skewed outcome measures, although, the
substantive significance of the pattern was not immediately obvious in this case. Variance
stabilizing transformations of the AM and PM cortisol scores eliminated the need for similar
variance parameters in those models (presented below).

AM Cortisol Level
Residual diagnostics on initial fits for AM cortisol level revealed that the variance of the day-
level residuals was modestly dependent on the fitted level of the outcome, with more variability
at higher fitted values. A root transformation (in which y was raised to the power of 1/1.75) of
AM cortisol level was used to stabilize the variance of the day-level residuals. Likelihood ratio
tests for the initial fits indicated that the random intervention effect in the MTFC-P group and
the associated correlations were not significant, χ2 = 2.33, df = 3, p = 0.51, so they were dropped
from the model.

Changes in mean AM cortisol level are shown in Table 3 and Figure 3. As with the results for
AM–PM cortisol change, the RFC group showed a large decrease in AM cortisol level over
time, starting at .43 μg/dl and dropping to .34 μg/dl by M12. In contrast, the MTFC and CC
groups showed very little change over time. The MTFC-P group started at .40 μg/dl and
increased to .41 μg/dl by M12. The CC group started at .42 μg/dl and dropped to .40 μg/dl by
M12. Indeed, the Change Over Time × RFC interaction was negative and significant, indicating
that change over time in the RFC group was significantly more negative (declining) than change
over time in the MTFC-P group. Follow-up tests indicated that it was also significantly different
from zero.

The Change Over Time × CC interaction was not significant, indicating that change over time
in the CC group was not significantly different from change over time in the MTFC-P group.
Follow-up tests indicated that it was not significantly different from zero in either group. The
intervention main effect indicated that change over time in the MTFC-P group was not
significantly different from zero. The change over time main effect and Change Over Time ×
Group interactions indicated that trends for the CC and MTFC-P groups were essentially flat
but the RFC group tended to decline over time. The MTFC-P versus RFC effect size for change
over time (when taken as the ratio of the mean difference in change over time divided by the
within-group standard deviation) was −.66, a medium effect.

The estimated standard deviations of all the random effects were significant. The day-level
residual was clearly the largest source of variation in AM cortisol level, followed sequentially
by the group-level initial status and the month residual. The correlation of change over time
with initial status was significant and negative.

PM Cortisol Level
The results for PM cortisol level were much more skewed than those for AM cortisol level,
and it took a much stronger transformation, the reciprocal of a 2.5 root transformation (reverse
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scaled), to stabilize day-level residual variance. In addition, after the transformation, 28 values
(.5% of the total) that were still extremely low were trimmed to prevent undue influence on
model parameters. Plots of the estimated month- and individual-level random effects were
reasonably normal within each group after transformation and trimming. Likelihood ratio tests
for initial fits indicated that the random intervention effect in the MTFC-P group and the
associated correlations were not significant, χ2 = 0.05, df = 2, p = 0.97, so they were dropped
from the model.

Results for PM cortisol level change over time are shown in Table 4 and Figure 4. The RFC
group showed very little change, increasing from .08 μg/dl at M1 to .09 μg/dl at M12. The
MTFC-P and CC groups both showed increases from .05 μg/dl at M1 to .08 μg/dl by M12.
These changes should be considered in terms of the scale on which they occurred and their
clinical significance (discussed below). An additional group difference in PM cortisol level
emerged for a shrinkage in day-level residual variation in the MTFC-P group after M5.
Inspection of the raw data suggested that these unusually high PM cortisol levels occurred
rarely but equally across groups for the first 5 months but became less frequent in the MTFC-
P group thereafter.

For the fixed effects in Table 4, the main effect contrast for the RFC group was positive and
significant, indicating that the RFC group was initially higher than the MTFC-P group; the
main effect for the CC group was not significant, indicating nonsignificant initial differences.
Change over time in the RFC group was significantly lower than in the MTFC-P group, and
follow-up tests (not shown) indicated that change over time in the RFC group was positive but
not significantly different from zero. Change over time in the CC group was not significantly
different from change over time in the MTFC-P group, and follow-up tests (not shown)
indicated change over time in the CC group was positive and significantly different from zero.
The change over time main effect indicated that change over time in the MTFC-P group was
positive and significantly different from zero. Notably, however, follow-up tests (not shown)
indicated that the three groups were not significantly different at M12. The MTFC-P versus
RFC effect size for change over time (when taken as the ratio of the mean difference in change
over time divided by the within-group standard deviation in change over time) was −.68, a
medium effect.

The estimated standard deviations of all the random effects were strongly significant. The day-
level residual was the largest source of PM cortisol level variation, followed sequentially by
the group-level initial status and the month residual. The correlation of change over time with
initial status was significant and negative. Residual diagnostic plots on initial fits indicated
shrinkage in the day-level residual variance on day 2 versus day 1 and suggested that the day-
level residual variance dropped in the MTFC-P group after M5. Parameters to allow for such
shrinkage are shown in Table 4; as can be seen in the table, all three of the multiplicative
shrinkage factors were significantly smaller than the null value of 1. Models with similar
parameters for potential shrinkage after M5 for the other two groups (not shown) did not
produce significant results. The shrinkage in the PM cortisol day level variability for MTFC-
P after M5 is probably responsible for the similar shrinkage in the AM–PM cortisol model.
The substantive significance of the shrinkage of the day 2 variability is unclear.

Discussion
This study addressed two interrelated questions regarding the effects of a therapeutic parenting
intervention on diurnal cortisol levels in foster preschoolers: whether it could impact diurnal
cortisol activity following exposure to early adversity (including neglect, maltreatment, and
relationship disruption) and, if so, whether it could improve diurnal cortisol activity by
increasing AM cortisol levels. The growth modeling analyses provided fairly unequivocal
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support for the hypothesis that diurnal HPA function remains mutable in foster preschoolers
following early adversity; however, it appears that the primary impact of the therapeutic
parenting intervention was not to reverse atypical diurnal cortisol activity but rather to prevent
the development of the patterns found in the regular foster care group. In addition, in the MTFC-
P group, we observed increased stability in AM and PM cortisol levels over time, a finding
that we did not anticipate but that might provide further evidence for the importance of
supportive and consistent care in regulating young children’s HPA axis activity. We elaborate
on these results and discuss related issues below.

CC Group
Most of the research on children’s diurnal cortisol levels has been conducted with middle- to
upper-middle class children (Davis et al., 1999; Watamura et al., 2004; Rosmalen et al.,
2005). These studies have indicated that typical diurnal cortisol change ranges from 0.40 to .
50 ug/dl. In the present study, we observed AM–PM cortisol change of about 0.39 μg/dl for
the CC group. This finding is quite comparable to findings for children from more economically
advantaged outcomes. Furthermore, we observed no positive or negative trend for AM–PM
cortisol change over time. The findings were comparable to the AM cortisol level analyses.
AM cortisol level for the CC group averaged 0.42 μg/dl at M1 and did not change significantly
over time. PM cortisol level for the CC group, however, averaged 0.05 μg/dl at M1 and
increased to .08 μg/dl by M12, but it is unclear whether this relatively small increase has any
biological importance (see below).

Although our examination of the CC group’s AM–PM cortisol change and AM cortisol level
showed no evidence of change over time (see Table 1 and Figures 2 and 3), there was marked
month-to-month variability in the group mean values. Indeed, the highest and lowest AM–PM
cortisol change scores differed by .15 μg/dl, the highest value being at M1 and the lowest value
being at M5. It is difficult to determine the source of this variability from the present data.
Although seasonal variations in children’s cortisol levels have been reported (Rosmallen et al.,
2005), this cannot explain our findings, because children entered the protocol during different
months of the year. It is possible that this variation reflects something about the nature of the
CC sample; however, it is not likely to result from individual or family factors such as instability
in daily routines, as we would expect such factors to be random across families in the CC group
and thus unlikely to account for large variations in group-level means at different sampling
periods. Interassay error could conceivably account for these variations; however, participants
were recruited across several years, and data contributing to a single assessment interval
involved samples assayed in multiple assay runs. Moreover, as is reported above, our interassay
coefficients of variance were too low to explain the variation. For the moment, the best
explanation would seem to be a chance finding, although we are probing other data on these
children to determine whether a systematic factor will emerge. In addition to the month-to-
month mean variations in the CC group, we noted considerable individual variation from day
to day and from month to month. This has been reported in other studies of cortisol sampling
for young children, although there is evidence that somewhat greater day-to-day stability
occurs among older children (Bartels et al., 2003;Shirtcliff et al., 2005).

MTFC-P and RFC Groups
Counter to our expectations about the effects of intervention on foster preschoolers’ diurnal
cortisol activity, we did not observe increased AM–PM cortisol change in the MTFC-P group
from M1 to M12. In addition, we did not observe differences in M1 cortisol levels between the
foster care groups and the CC group. As is noted above, the CC group’s AM and PM cortisol
levels and AM–PM cortisol change were comparable to those reported in other samples of
young children; thus, there is little reason to argue that the lack of difference from the foster
preschoolers at M1 resulted from atypical diurnal cortisol activity in the CC group. Rather, and
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in contrast to previous studies (Bruce et al., 2007; Dozier et al., 2006), we did not find mean
AM cortisol levels (and thus the mean AM–PM cortisol change) to be unusually low for the
foster preschoolers. The difference among these studies might reflect the heterogeneity of
foster children. Indeed, Bruce et al. (2007) specified that foster children who had experienced
the most severe neglect (i.e., failure to provide), had entered their first foster placement in
infancy, and had experienced more than four foster placements prior to their cortisol being
assessed were the most likely to exhibit atypically low AM cortisol levels. Few foster
preschoolers in the present study (regardless of group) had experienced such severe neglect or
instability, which might account for the lack of group-level differences in diurnal cortisol
activity relative to the CC group.

The analyses the three groups’ AM–PM cortisol change over time, however, revealed a strong
prevention effect in the MTFC-P group. AM–PM cortisol change in the MTFC-P group
remained unchanged over time and very similar to the values in the CC group. In contrast, the
RFC group showed significantly lower AM–PM cortisol change over time, which is consistent
with flattened diurnal cortisol activity. The present research did not address the underlying
mechanisms involved in this outcome. However, one possible explanation might lie in prior
research showing that chronic stress can lead to the loss of typical diurnal cortisol activity
(Pruessner et al., 1999; Mommersteeg et al., 2006b). The foster preschoolers in the present
study entered the protocol following a new foster placement, which is widely recognized as a
highly stressful event (Eagle, 1994). It may be that, if this stress is confined to a relatively short
time following placement and if the child subsequently settles into the foster home, there is
less of an impact on diurnal HPA activity. However, if this stress develops chronicity, flattened
AM–PM cortisol change might occur. The MTFC-P intervention might help to limit the
duration of stress associated with a foster placement, whereas such stress might persist in
regular foster care. Consistent with this interpretation are studies documenting that children
who received the MTFC-P intervention exhibited more secure and fewer insecure attachment-
related behaviors towards caregivers over time compared with children in regular foster care
(Fisher and Kim, in press) and are less likely to reenter care following permanent placement
(Fisher et al., 2005). However, it is important to recognize the speculative nature of this
interpretation and the need for additional research to understand the trends observed in the two
foster care groups’ AM–PM cortisol change.

As is noted previously, examining AM–PM cortisol change reveals only one component of
HPA axis activity. Thus, although the CC and MTFC-P groups exhibited similar and
unchanging AM–PM cortisol change, the AM and PM cortisol levels (at baseline and over
time) might have been quite different. Similarly, the flattening observed in the RFC group’s
AM–PM cortisol change over time might have resulted from lower morning levels, higher
evening levels, or both. Separately analyzing AM and PM cortisol levels over time allowed us
to deconstruct the results for AM–PM cortisol change to better understand the nature of the
effects observed.

Interestingly, the AM cortisol level analyses were remarkably similar to the AM–PM cortisol
change analyses. First, as is discussed above, the growth models revealed no change in the CC
group’s AM cortisol level over time. Second, similar to the CC group, the MTFC-P group
showed virtually no change in AM cortisol level over time, though AM cortisol level in the
RFC group declined significantly. This suggests that the RFC group’s AM–PM cortisol change
from M1 to M12 resulted, at least in part, from lowering AM cortisol levels. The change in
AM cortisol level in the RFC group is consistent with evidence that hypocortisolism in response
to chronic stress is often associated with exceptionally low early morning cortisol levels
(Gunnar and Vazquez, 2001; Friese et al., 2005)
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The results of the PM cortisol level analyses showed a somewhat different pattern compared
to the two other cortisol measures. The CC and MTFC-P groups showed increased PM cortisol
levels over time, whereas no change was noted in the RFC group. As is noted above, this
increase was quite small and might not be biologically significant. Perhaps more interestingly,
however, the MTFC-P group showed reduced day-to-day variability in PM cortisol level, which
was not observed in the CC or RFC groups. We can only speculate that this resulted from the
MTFC-P intervention’s emphasis on maintaining stable, consistent routines for foster
preschoolers. Specifically, MTFC-P treatment staff members encouraged parents to set regular
bedtimes, to develop bedtime routines to help settle children in the evenings, and to limit novel
or highly stimulating activities between dinner and bedtime. This result is consistent with some
of the recent work by Kertes and Gunnar (2004) showing small but notable elevations in
evening cortisol among children who participated in structured evening activities. Future
research is needed to determine if this intervention, by limiting evening activities, exerts a
causal effect on PM cortisol level variability.

There are a number of limitations of the present study. First, as is noted above, the vulnerability
of the foster care population and an emphasis on reducing participant burden led to less saliva
sampling than might have been optimal. In particular, it would have been helpful to obtain
additional saliva samples throughout the day (e.g., midmorning and afternoon), which could
have yielded additional information about the nature of the observed AM–PM cortisol change
effects. A related issue is that the present study did not gather information about 24-hour
cortisol levels. Altered diurnal levels might reflect disturbances to nighttime HPA axis function
as well. Low morning cortisol levels, for instance, might indicate a decrease in peak daily
cortisol production or might indicate a phase shift in when the peak occurs (e.g., it could be
occurring earlier). Future work should explore these issues and should examine whether other
physiological variables that typically show circadian rhythmicity (e.g., sleep and body
temperature) affect alterations in cortisol activity. Perhaps the cortisol level alterations that we
observed were associated with changes in other domains rather than being specific to the HPA
axis. Finally, it is important to recognize that the sample was very homogenous with regard to
ethnicity. Future research should include more ethnically diverse samples.

Despite these limitations, the current study provides evidence that a therapeutic, family-based
intervention for foster preschoolers has the potential to prevent the flattened diurnal cortisol
activity (and hence, HPA axis activity) that developed in the RFC group. The implications of
these results for foster preschoolers will depend on the mechanisms underlying the prevention
effects (an area that is currently under investigation), on whether atypical diurnal cortisol
activity relates to increased risk for the cognitive and emotional problems commonly observed
in foster preschoolers, and on whether preventing or ameliorating such patterns is associated
with reductions in these problems.

Given the limited amount of prior research on preschool-aged children’s HPA axis activity and
the absence of extensive longitudinal research on cortisol levels in children in general, these
results must be considered preliminary. The monthly variation in cortisol levels for the CC
group requires further attention to determine if it resulted from socioeconomic effects or is
present in more affluent samples as well. Better understanding typical HPA axis activity over
time for preschoolers will make it easier to understand issues of stability and change in special
populations such as foster preschoolers. These limitations aside, the current study provides
evidence that targeted environmental interventions may affect the HPA axis following
exposure to early stress.
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Figure 1.
Path diagram of the AM–PM cortisol change model.
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Figure 2.
Mean AM–PM cortisol change over time by group (μg/dl).
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Figure 3.
Mean AM cortisol level change over time by group (μg/dl).
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Figure 4.
Mean PM cortisol level change over time by group (μg/dl).
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Table 2
Parameter Estimates for Trimmed AM–PM Cortisol Change

Effect Value SE z p

Fixed effects
 MTFC-P initial status 0.358 0.025 14.580 0.000
 MTFC-P change over time 0.000 0.003 0.116 0.907
 CC versus MTFC-P 0.036 0.034 1.058 0.291
 RFC versus MTFC-P 0.011 0.035 0.329 0.743
 Change Over Time × CC −0.006 0.004 −1.259 0.208
 Change Over Time × RFC −0.010 0.005 −2.061 0.040
Random effectsa
 SD day residual 0.197 0.010 20.652 0.000
 SD month residual 0.087 0.011 8.210 0.000
 SD subject initial status 0.138 0.013 10.387 0.000
 SD subject change over time 0.015 0.002 6.694 0.000
 Cor initial status and change over time −0.435 0.154 −2.822 0.005
 Variance parameter (shrinkage) 0.905 0.026 3.670 0.000
 Variance parameter (exponent) 0.861 0.124 6.941 0.000

a
Note. Estimated random effects are standard deviations (SD) and correlations (Cor); Variance shrinkage parameter is tested against null value of 1.
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Table 3
Parameter Estimates for Transformed AM Cortisol Level

Effect Value SE z p

Fixed effects
 MTFC-P initial status 0.588 0.021 27.810 0.000
 MTFC-P change over time 0.001 0.003 0.485 0.627
 CC versus MTFC-P 0.023 0.029 0.768 0.444
 RFC versus MTFC-P 0.027 0.030 0.906 0.366
 Change Over Time × CC −0.003 0.004 −0.823 0.411
 Change Over Time × RFC −0.009 0.004 −2.217 0.027
Random effectsa
 SD day residual 0.189 0.003 59.082 0.000
 SD month residual 0.097 0.006 15.873 0.000
 SD subject initial status 0.126 0.011 11.392 0.000
 SD subject change over time 0.013 0.002 7.377 0.000
 Cor initial status and change over time −0.578 0.131 −4.400 0.000

a
Note. Estimated random effects are standard deviations (SD) and correlations (Cor).
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Table 4
Parameter Estimates for Transformed PM Cortisol Level

Effect Value SE z p

Fixed effects
 MTFC-P initial status 4.641 0.128 36.300 0.000
 MTFC-P change over time 0.059 0.014 4.107 0.000
 CC versus MTFC-P 0.166 0.179 0.928 0.355
 RFC versus MTFC-P 0.637 0.180 3.533 0.001
 Change Over Time × CC −0.023 0.020 −1.143 0.253
 Change Over Time × RFC −0.049 0.021 −2.339 0.019
Random effectsa
 SD day residual 1.021 0.031 32.811 0.000
 SD month residual 0.622 0.028 22.514 0.000
 SD group initial status 0.814 0.062 13.121 0.000
 SD group change over time −0.864 0.053 −16.382 0.000
 Cor initial status and change over time 0.228 0.060 3.822 0.000
Variance parameter (shrinkage—day 2 MTFC-P months 1–
5 and non-MTFC-P groups)

0.894 0.036 24.493 0.000

Variance parameter (shrinkage—day 1 MTFC-P after
month 5)

0.822 0.050 16.552 0.000

Variance parameter (shrinkage— day 2 MTFC-P after
month 5)

0.738 0.049 14.943 0.000

a
Note. Estimated random effects are standard deviations (SD) and correlations (Cor); Variance parameter is tested a against null value of 1.

Psychoneuroendocrinology. Author manuscript; available in PMC 2008 September 1.


