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Blunted Cortisol Responses to Stress Signal Social and
Behavioral Problems Among Maltreated/Bullied
12-Year-Old Children
Isabelle Ouellet-Morin, Candice L. Odgers, Andrea Danese, Lucy Bowes, Sania Shakoor,
Andrew S. Papadopoulos, Avshalom Caspi, Terrie E. Moffitt, and Louise Arseneault

Background: Evidence from animal and human studies suggests that early-life stress such as physical maltreatment has long-lasting effects
on the hypothalamic-pituitary-adrenal (HPA) axis and is associated with blunted HPA axis reactivity in adulthood. Few studies have
investigated whether blunted HPA axis reactivity observed in children exposed to early-life stress signals social, emotional, and behavioral
problems.

Methods: Participants were 190 12-year-old children (50.5% males) recruited from the Environmental Risk Longitudinal Twin Study, a
nationally representative 1994 to 1995 cohort of families with twins. Cortisol responses to psychosocial stress were measured in maltreated/
bullied (n � 64) and comparison children (n � 126). We ascertained maltreatment and bullying victimization using mothers’ reports and

ssessed children’s social, emotional, and behavioral problems at ages 5 and 12 using mothers’ and teachers’ reports.

esults: Piecewise multilevel growth curve analyses indicated that maltreated/bullied and comparison children showed distinct cortisol
esponses to stress. Specifically, maltreated/bullied children had lower cortisol responses than comparison children who exhibited a
ignificant increase. Lower cortisol responses were, in turn, associated with more social and behavioral problems among maltreated/bullied
hildren.

onclusions: These findings provide support for the influence of childhood harm on blunted HPA axis reactivity and its potential impact on

hildren’s functioning. Our findings emphasize the need to integrate stress biomarkers in guiding prevention efforts for young victims.

s
i
c
w
a
l
t
a
h
r
c
c
s
r
t
a
c
t
s

h
s
i
e
w
t
f
p
c
s
L
s

Key Words: Behavioral problems, bullying, cortisol, HPA axis, mal-
reatment, social problems

E vidence from animal and human studies suggests that the
hypothalamic-pituitary-adrenal (HPA) axis contributes to
physiological and behavioral adaptation to changing envi-

onments (1). Cortisol, the end product of the HPA axis, has wide-
pread effects on the body, including enhancing glucogenesis and
ttention but also inhibiting the immune system, sexual motiva-
ion, and growth (2,3). Adaptive responses to stress are character-
zed by a relatively rapid cortisol increase followed by a progressive
ecline. Conversely, when secreted excessively, repeatedly, insuffi-
iently, or in response to nonthreatening stimuli, cortisol may have
etrimental effects over time (1,4). Research suggests that higher
PA axis reactivity, extensively documented in animal models of
arly-life stress (5,6), increases risk of depression in humans (7).

nterest in the etiology and outcomes of lower HPA axis reactivity,
lso signaling a disruption of the HPA axis, is growing (8 –10).
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In addition to several studies reporting lower diurnal cortisol
ecretion in children exposed to early adversity (11–14), accumulat-
ng evidence suggests that these experiences may lead to lower
ortisol responses to stress in adulthood (15–17). In comparison
ith control subjects matched for age and neighborhood, female

dolescents with a history of childhood maltreatment showed
ower cortisol responses to psychosocial stress (18). Consistent with
hese findings, women who experienced childhood abuse showed

reduced sensitivity of the adrenals to the adrenocorticotropic
ormone in comparison with control subjects (19). Lower HPA axis

eactivity has also been documented in the context of chronic
oncurrent stress. For example, female teachers experiencing
hronic stress showed greater cortisol suppression to dexametha-
one (20). Together, these findings suggest that early and concur-
ent chronic exposures to adverse life conditions may “get under
he skin” and reduce HPA axis reactivity. The investigation of the
ssociation linking early-life stress and cortisol responses to psy-
hosocial stress is, however, scarce and often relies on cross-sec-
ional data of adults, retrospective measures of abuse, and small
elected samples (e.g., psychiatric patients).

In contrast to the work conducted with adults, fewer studies
ave investigated the potential impact of blunted cortisol re-
ponses to psychological stress on social, emotional, and behav-
oral problems in childhood, when these problems are most likely to
merge. In childhood, depressive symptoms have been associated
ith both increased (21,22) and reduced (23,24) cortisol responses

o psychological challenges. Recent findings also suggest a shift
rom lower cortisol responses among dysphoric children in the
reschool years to higher responses in adolescence (25). Lower
ortisol responses have also been associated with emotional and
ocial problems in a community sample of 8- to 11-year-olds (26).
ower cortisol responses to psychosocial challenges are reported in
chool-aged children and adolescents with versus without behav-

oral problems (27–31), although mixed results are also found (32–
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34). Overall, these findings challenge the premise that only higher
HPA axis reactivity signals difficulties in childhood and call for a
broader investigation as to whether lower cortisol responses to
stress may also have negative consequences.

One difficulty in interpreting the associations between cortisol
responses to stress and social, emotional, and behavioral problems
is that few studies have considered exposure to childhood abuse.
Moreover, it is unclear whether similar associations should be ex-
pected between cortisol responses and psychological problems
among maltreated versus nonmaltreated children. According to a
diathesis-stress framework, the association between HPA axis reac-
tivity and children’s difficulties could be context-dependant,
whereby significant associations are more likely to emerge for chil-
dren exposed to early adversity (35). Distinct patterns of associa-
tions between stress biomarkers and anxiety as a function of child-
hood adversity have been reported (36), suggesting that exposure
to adverse environments should be considered as a potential mod-
erator of the association between HPA axis reactivity and develop-
mental outcomes.

This study had two objectives. First, because similar patterns of
cortisol response to stress have been reported for childhood mal-
treatment (15–18) and bullying victimization (37), we examined
whether 12-year-old maltreated/bullied children had lower cortisol
responses to psychosocial stress than same-aged children. Child-
hood harm was prospectively and repeatedly measured through-
out childhood. Second, we investigated whether lower cortisol re-
sponses were associated with social, emotional, and behavioral
problems. We further tested whether the associations between
cortisol responses and social, emotional, and behavioral problems
were stronger among maltreated/bullied versus nonmaltreated/
bullied children.

Methods and Materials

Sample
Participants were recruited from the Environmental Risk (E-Risk)

Longitudinal Twin Study, which tracks the development of a na-
tionally representative birth cohort of 2232 British children (38)
selected from a larger birth register of twins born in England and
Wales in 1994 to 1995 (39). The original sample was constructed in
1999 to 2000, when 1116 families with same-sex 5-year-old twins
(93% of those eligible) participated in home-visit assessments. Fol-
low-up home visits were conducted when the children were aged 7
(98% participation), 10 (96% participation), and 12 years old (96%
participation). Parents gave informed consent and children gave
assent. Ethical approval was granted by the Joint South London and
Maudsley and the Institute of Psychiatry National Health Service
Ethics Committee (London, United Kingdom).

From the total E-Risk sample, we identified 190 12-year-old chil-
dren (50.5% males) eligible to participate in a substudy of cortisol.
Children were selected if they were identical twins and only one
twin within the pair was bullied (see below). Most twins were Cau-
casian (91.6%) and one third of the families came from a low socio-
economic background (33.7%). Children had an IQ within the nor-
mal range when they were 5 years of age (from 64 to 142; mean
[SD] � 101.38 [14.32]).

Procedure
The Psychosocial Stress Test (PST) took place at the research

laboratory in the early afternoon (mean [SD] � 1:45 PM [22 min-
utes]). Each child was individually interviewed by a research assis-
tant with a psychology degree. A video camera was installed in a

room to record the cognitive and public speaking tasks adapted t
rom the Trier Social Stress Test for Children (40). The cognitive task
as first administered using the Children’s Paced Auditory Serial
ddition Task (41). Children heard a random series of 61 numbers

anging from 1 to 9 and were instructed to add the numbers in pairs
uch that each number was added to the previous one. Participants
ere told to make as few mistakes as possible because they were in

ompetition against their co-twin and the winner would get a prize.
he interviewer did not offer support and avoided eye contact to
nhance the stressful aspect of the laboratory challenge. For the
ublic speaking task, children were asked to stand and recall their
ost unpleasant experience at school in front of an unknown and

nexpressive judge and the interviewer. Children had 2 minutes to
repare in silence, standing up in front of the camera, and were

hen asked to speak for 5 minutes. The PST lasted approximately 13
inutes. At the end of the day, the interviewer told both the twins

hat they performed very well, rewarded their efforts, and allowed
hem to ask questions.

ain Outcomes
Cortisol was measured through the collection of five saliva sam-

les. We asked children to use a straw to pass through 1 mL of saliva
nto the cryovials. The first two samples were collected 20 minutes
nd 2 minutes before the PST. A third sample was collected 2
inutes after the task. The fourth and fifth samples were collected

5 minutes and 35 minutes after the start of the task. Saliva samples
ere stored in a �20°C freezer and analyzed in a single batch using

he DPC Inmmulite Immunoassay Analyzer (Siemens Healthcare
iagnostics, Munich, Germany; www.siemens.com) (42). The assay
ad an analytical sensitivity of .2 nmol/L and interassay/intra-assay
recision of less than 10%.

istory of Childhood Harm
Childhood harm consisted of either a history of childhood mal-

reatment or frequent bullying victimization. A total of 64 children
rom this substudy sample of 190 participants were harmed
33.7%); 23 were maltreated by an adult (12.1%), 27 were frequently
ullied by their peers (14.2%), excluding those who were only oc-
asionally bullied; and 14 were both maltreated and frequently
ullied (7.4%).

Maltreatment was documented at each home visit, from ages 5
o 12, by interviewing mothers about past and ongoing physical
arm that had happened to their children using the standardized
linical interview protocol from the Multi-Site Child Development
roject, which has established validity and reliability in the E-Risk
ample and others (43). Interviewers coded the likelihood that chil-
ren had been maltreated based on mothers’ narratives. After each
ave of the E-Risk Study, two clinical psychologists (T.E.M. and the
roject coordinator) separately reviewed each child’s cumulative
ossier of information regarding harm gleaned from the successive
ome visits (i.e., from repeated caregiver interviews, debriefs with

nterviewers who coded any indication of child maltreatment, and
rom intervening clinicians when study made referral). Many, but
ot all, cases in the course of our research were under investigation
y police or social services, already on the child-protection register,
r in foster care at follow-up, having been removed from their
arents because of abuse. The research team followed the guide-

ines for referral of families under the United Kingdom’s Children
ct (44).

Bullying victimization was prospectively assessed for all E-Risk
articipants during the interviews conducted with mothers when
hildren were 7, 10, and 12 years of age. We explained that, “Some-
ne is being bullied when another child: says mean and hurtful
hings, makes fun or calls a person mean and hurtful names; com-
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pletely ignores or excludes someone from their group of friends;
hits, kicks, or shoves a person, or locks them in a room; tells lies or
spreads rumors about them; and other hurtful things like these. We
call it bullying when these things happen often and when it is
difficult to make it stop. We do not call it bullying when it is done in
a friendly or playful way.” We asked mothers whether each twin had
been bullied by another child, responding “never,” “yes,” or “fre-
quently,” An investigator reviewed all descriptions of the bullying
events looking for evidence of repeated harmful actions, between
children, where there was a power imbalance between the bully
and the victim. A test-retest reliability of .87 was noted for 30 par-
ents randomly selected from the total E-Risk sample and who were
interviewed 3 to 6 weeks apart. Our findings indicate that mothers
are valid and reliable informants of bullying victimization and that
they tend to agree with their children’s reports (45).

Social, emotional, and behavioral problems at age 12 were as-
sessed using the Child Behavior Checklist (CBCL) (46) for mothers
and the Teacher’s Report Form (TRF) (47) for teachers. Mothers were
given the instrument as a face-to-face interview and teachers re-
sponded by mail. Both informants rated each item as being 0 � not
true, 1 � somewhat or sometimes true, or 2 � very true or often
rue. The reporting period was 6 months before the interview. The
ocial Problems scale is the sum of three items from each of the
BCL and the TRF, including items such as “he/she does not get
long with other children.” The internal consistency reliability was

74 (range: 0 –7; mean [SD] � 1.21 [1.63]) in this substudy sample.
he Emotional Problems scale is the sum of 23 items from the CBCL
nd 27 items from the TRF on the Withdrawn and Anxious/De-
ressed scales, including items such as “cries a lot” and “worries.”
he internal consistency reliability was .90 (range: 0 – 45; mean

SD] � 11.14 [9.07]) in this substudy sample. The Behavioral Prob-
ems scale is the sum of 35 items from the CBCL and 34 items from
he TRF on the Delinquency and Aggression scales, including items
uch as “argues a lot” and “is cruel or nasty to other people.” The
nternal consistency reliability was .93 (range: 0 – 81; mean [SD] �
Figure 1. Cortisol responses (� SEM) to the Psychosocial Stress Test (PST) in the t

ww.sobp.org/journal
7.17 [14.81]) in this substudy sample. As expected, the three scales
ere significantly correlated (Social-Emotional: r � .59, p � .001;

ocial-Behavioral: r � .39, p � .001; Emotional-Behavioral: r � .34,
� .001) but tapped into different aspects of children’s functioning.

ndividual Risk Factors and Covariates
A full description of the pre-existing, concomitant, and PST-

elated factors is available online (Supplement 1).

tatistical Analyses
We examined cortisol response using a piecewise latent growth

urve model. This model offers the advantage of capturing nonlin-
ar patterns of change and can be tailored to describe and predict

ntra-individual change before and following a theoretically mean-
ngful point in time (48). Piecewise latent growth curve model esti-

ates separately, but simultaneously, the mean level of cortisol at
he end of the PST (intercept) and patterns of cortisol change dur-
ng the baseline and response phases (Figure 1). The model con-
ained both fixed and random estimates, corresponding to the
arameters’ mean and variance across individuals. Models were
tted in Mplus Version 6.11 (Muthén & Muthén, Los Angeles, Cali-

ornia) (49) using maximum likelihood estimation. We used the
OMPLEX option in Mplus to compute adjusted standard error
stimates correcting for the nonindependence of observations. All
odels were evaluated using recommended fit indices, including root
ean square error of approximation, where values �.08 indicate ac-

eptable fit and values �.05 indicate good fit; confirmatory fit index,
here estimates �.90 indicate acceptable fit and values �.95 indicate
ood fit; and the standardized root mean square residual, where val-
es �.08 are considered acceptable (50,51).

We tested our objectives in three steps. First, we captured the
attern of cortisol response for the entire sample by estimating the

ntercept along with the baseline and response slopes. We then
ested whether maltreated/bullied and comparison children
howed distinct patterns of cortisol response to stress. Because
otal sample and according to maltreatment/bullying victimization.
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maltreated/bullied children had increased emotional and behav-
ioral problems at age 5 (Table S1 in Supplement 1), we subse-
quently controlled for these potential confounders. Second, we
extracted the intercept, baseline, and response slope estimates
derived in Mplus to test, using linear regression models, whether
cortisol responses were associated with social, emotional, and be-
havioral problems. Third, we tested whether childhood harm mod-
erated these associations by including an interaction term (cortisol
response � childhood harm) in the regression models. We again

ontrolled for age-5 social, emotional, and behavioral problems.

Table 1. Fixed, Random, and Covariance Estimates of Mean Cortisol
evels at the End of the Psychosocial Stress Test and Cortisol Changes
uring the Baseline and Response Phases in the Total Sample of Children

n � 190)

Parameters

Statistics

B SE CR

Fixed (means)
Intercept (y0) 2.97 .13 23.43a

Baseline slope (yb) �.07 .03 �2.56b

Response slope (yr) .21 .05 4.49a

Random (variances)
Intercept (�0) 1.70 .24 7.02a

Baseline slope (�b) .05 .01 3.32a

Response slope (�r) .18 .06 2.83c

Covariances
Intercept – Baseline slope (y0,yb) �.04 .05 �.75
Intercept – Response slope (y0,yr) .11 .09 1.25
Baseline – Response slope (yb,yr) .08 .02 3.28a

The CR refers to the ratio of the unstandardized beta estimate over the
standard error (B/SE). Fit statistics: �2 � 41.24, df � 10, CFI � .94, RMSEA �
13, SRMR � .07. The fixed estimate of the intercept represents the mean
ortisol level at the end of the Psychosocial Stress Test, while the fixed
stimates of the baseline and response slopes reflect the change of cortisol

nmol/L) per 10-minute interval.
B, unstandardized beta estimate; CFI, confirmatory fit index; CR, Critical

atio; RMSEA, root mean square error of approximation; SE, standard error;
RMR, standardized root mean square residual.

ap � .001.
bp � .05.
cp � .01.

Table 2. Associations Between Childhood Harm (Maltre
Slope, Response Slope) During the Psychosocial Stress T
Problems (n � 190)

Parameters B

Childhood Harm ¡ Intercept �.19
Childhood Harm ¡ Baseline Slope .009
Childhood Harm ¡ Response Slope �.23
Behavioral Pb ¡ Intercept
Behavioral Pb ¡ Baseline Slope
Behavioral Pb ¡ Response Slope
Emotional Pb ¡ Intercept
Emotional Pb ¡ Baseline Slope
Emotional Pb ¡ Response Slope

The CR refers to the ratio of the unstandardized be
Model 1: �2 � 45.00, df � 12, CFI � .94, RMSEA � .12, SRM
SRMR � .04.

B, unstandardized parameter estimate; CFI, confirm

mean square error of approximation; SE, standard error; SRMR

ap � .01.
egression analyses were performed using STATA version 6 (Stata-
orp LP, College Station, Texas). To control for nonindependent
bservations, analyses were adjusted with tests based on the sand-
ich or Huber/White variance estimator (52).

esults

o Children Show a Cortisol Response to the Psychosocial
tress Test?

Figure 1 illustrates the pattern of cortisol secretion before and
ollowing the PST for the total sample (solid thin line). Table 1
urther specifies the fixed and random effect estimates of the mean
ortisol levels at the end of the PST (intercept) and baseline and
esponse slopes. During the baseline phase, children exhibited a
ignificant cortisol decrease of .07 nmol/L per 10-minute interval
baseline slope) to reach a mean cortisol value of 2.97 nmol/L at the
nd of the PST. In response to the PST, children showed a significant
ean cortisol increase of .21 nmol/L per 10-minute interval (re-

ponse slope). The variance terms indicated that children varied
ignificantly from one another on their cortisol levels at the end of
he PST (intercept) and with respect to how they changed during
he baseline and response phases. The covariance between the two
lopes indicated that a more abrupt cortisol decrease in the base-
ine phase was associated with an elevated response to the PST. The
nfluence of the baseline slope on cortisol response was thus con-
rolled for in further analyses.

oes Cortisol Response to Stress Differ Between Maltreated/
ullied Versus Comparison Children?

Maltreated/bullied children did not differ from the comparison
roup with respect to their mean cortisol levels at the end of the PST

p � .48) or their rate of change in cortisol during the baseline phase
p � .85). However, we observed significant differences in cortisol
esponses between the two groups following the PST (p � .005)
Table 2, model 1). Figure 1 illustrates similar decreasing levels of
ortisol before and during the PST in maltreated/bullied (bold solid

ine) and comparison children (bold dashed line). However, distinct
atterns emerged thereafter; comparison children exhibited the
xpected increase in cortisol after the PST, whereas maltreated/
ullied children did not. This finding held when pre-existing emo-

ional and behavioral problems were controlled for (Table 2, model

nt/Bullying) and Cortisol Levels (Intercept, Baseline
ontrolling for Age-5 Emotional and Behavioral

l 1 Model 2

CR B SE CR

�.70 �.09 .26 �.37
.19 �.01 .05 �.22

2.79a �.25 .08 �2.99a

�.01 .01 �1.05
.001 .002 .53
.001 .004 .39

�.01 .01 �.88
.005 .003 1.66
.002 .006 .35

timate over the standard error (B/SE). Fit statistics of
06; Model 2: �2 � 55.27, df � 16, CFI � .94, RMSEA � .11,

fit index; CR, critical ratio; Pb, problems; RMSEA, root
atme
est C

Mode

SE

.26

.05

.08

ta es
R � .

atory

, standardized root mean square residual.

www.sobp.org/journal
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2). The model represented an adequate fit to the data (confirmatory
fit index � .94, root mean square error of approximation � .11,
tandardized root mean square residual � .04).

Table 3. Associations Between Cortisol Response and Children’s Social,
motional, and Behavioral Problems at Age 12 According to Childhood
arm (Maltreatment/Bullying) (n � 190)

Model 1 Model 2

B SE t B SE t

ocial Problems
Cortisol response �2.33 .74 �3.13a �2.29 .69 �3.30b

Childhood harm 1.02 .26 3.93b 1.29 .30 4.30b

Cortisol response �
childhood harm �1.68 .68 �2.45c

Emotional Problems
Cortisol response �3.60 5.67 �.64 �3.48 5.67 �.61
Childhood harm 3.92 1.44 2.72a 4.66 1.54 3.02a

Cortisol response �
childhood harm �4.54 3.58 �1.27

ehavioral Problems
Cortisol response �8.86 9.79 �.90 �8.47 9.57 �.88

hildhood harm 6.09 2.73 2.23c 8.39 2.96 2.84a

Cortisol response �
childhood harm �
Victimization �14.14 4.79 �2.95a

Adjusted regression analyses controlling for sex, intercept and baseline
slope. No significant gender moderation effects were detected. Therefore,
all analyses were conducted on the combined sample of boys and girls.

B, unstandardized beta; SE, standard error.
ap � .01.
bp � .001.
cp � .05.
Figure 2. Associations between cortisol responses and children’s social, emo
ictimization (n � 190). Adjusted correlations controlling for sex, intercept, and b

ww.sobp.org/journal
s Cortisol Response Associated with Social, Emotional, and
ehavioral Problems and Is This Association Stronger Among
altreated/Bullied Versus Comparison Children?

Table 3 (model 1) shows that childhood harm was significantly
ssociated with children’s social, emotional, and behavioral prob-

ems. In contrast, lower cortisol responses were significantly associ-
ted with more social problems but not with emotional and behav-

oral problems. The moderated regression analyses in Table 3
model 2) show that the associations between cortisol response
nd children’s social and behavioral problems were stronger
mong maltreated/bullied children than among comparison
hildren. These interactions were statistically significant when
redicting social and behavioral problems and remained signif-

cant when age-5 problems were included in the models (social
roblems: t � �2.56, p � .01; behavioral problems: t � �2.64,
� .01). Figure 2 shows that the associations between cortisol

esponse to stress and children’s social, emotional, and behav-
oral problems were of moderate effect size and significant for
ocial and behavioral problems among children who were mal-
reated/bullied. These associations were uniformly small and
onsignificant among comparison children.

iscussion

This study provides support for the hypothesis that early expo-
ure to adverse life conditions could result in lower HPA axis reac-
ivity to stress in childhood. Our laboratory stress paradigm elicited

significant cortisol response in comparison children but not in
altreated/bullied children for whom measures of harm were col-

ected prospectively and repeatedly in childhood. We also showed
hat lower cortisol responses were associated with more social and
ehavioral difficulties but only among maltreated/bullied children.
hese findings suggest that blunted cortisol responses to stress
tional, and behavioral problems as a function of maltreatment/bullying
aseline slope. ���p � .001; ��p � .01.
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may co-occur with social and behavioral problems, especially
among maltreated/bullied children.

Our findings are consistent with a large body of evidence high-
lighting lower cortisol responses to stress in individuals who faced
early-life stress (8,9,16 –18,53). We extended these findings in three
ways. First, we showed that low cortisol responses in participants
exposed to childhood harm can already be detected at 12 years and
are thus not restricted to late adolescence and adulthood. This is
consistent with lower cortisol response to stress noted in children
exposed to interparental conflict (31), suggesting that the lowering
effect of adverse experiences on HPA axis reactivity may not be
limited to direct victimization. Second, although maltreated/bul-
lied children had more emotional and behavioral difficulties than
comparison children at age 5, these pre-existing differences did not
account for the lower cortisol responses shown in maltreated/bul-
lied children. Controlling for individual characteristics was impor-
tant, as these traits may elicit negative parental practices and bul-
lying victimization (54,55). Third, we showed that childhood harm
was associated with lower cortisol responses to stress, which sig-
naled increased social and behavioral problems among maltreated/
bullied children.

This investigation showed that lower cortisol responses to stress
were associated with social and behavioral problems only among
maltreated/bullied children. Blunted HPA axis reactivity may there-
fore point to increased developmental risks for individuals con-
fronting childhood harm. This pattern of results is consistent with
other reports suggesting that the associations between disrupted
HPA axis reactivity and social and emotional difficulties vary as a
function of early-life stress (35). Previous research showed that
depressed adolescents with a history of maltreatment had lower
cortisol responses to stress than minimally depressed or healthy
participants. Conversely, depression severity was not associated
with cortisol responses among nonmaltreated participants (56).
Taken together, these studies suggest that lower HPA axis reactivity
may signal psychological problems among individuals exposed to
childhood maltreatment.

There is also evidence that early adversity moderates the rela-
tionship between cortisol responses to stress and social outcomes
(57). Preschoolers who showed high cortisol responses were less
prosocial than control subjects when living in high familial adver-
sity but tended to be more prosocial than control subjects when
exposed to low familial adversity. Notably, higher prosocial behav-
iors were observed for lower responders when exposed to high
familial adversity. One hypothesis is that participants’ age may ex-
plain these findings. A shift from increased (58) to reduced
(29,30,59,60) cortisol responses to psychosocial stress is typically
noted between preschoolers and adolescents with behavioral
problems. A similar shift from increased to reduced cortisol secre-
tion has also been documented among children and adults con-
fronted with childhood abuse (61,62). This pattern of cortisol
change over time is consistent with the attenuation hypothesis,
which posits that persisting activations eventually downregulate
HPA axis reactivity to limit repeated physiological, emotional, and
behavioral responses to stress (63,64). Whether preschoolers expe-
riencing chronic adversity are more likely to show lower HPA axis
reactivity and greater behavioral problems later in life should be
examined prospectively.

Moderating effects of early adversity have also been reported in
the context of diurnal cortisol secretion, where higher morning
cortisol was associated with more problematic functioning in non-
maltreated but not in maltreated children (65). Stronger associa-
tions were also found between diurnal cortisol and aggression

among nonmaltreated versus maltreated children (66). These find- s
ngs suggest the need to better characterize the potential moder-
ting influence of adverse childhood experiences in the investiga-
ion of the physiological correlates of children’s functioning.

The present study suggests that adverse experiences resulting
n lower HPA axis reactivity may place individuals at greater risk for
ocial and behavioral problems. Although the mechanisms in-
olved remain uncertain, several hypotheses can be put forward.
nvironmentally induced alterations in brain structures regulating
PA axis reactivity (e.g., amygdala, hypothalamus) could affect
oth cortisol responses to stress and behaviors (1,3). For example,
ltered amygdala activity likely affects emotional responses to
hreats, acquisition of conditioned fears, and apprehension of pun-
shment (67), landmarks of persistent externalizing problems
64,68 –70). Lower cortisol responses to stress have also been pro-
osed to interfere with children’s functioning through reduced
ensitivity to punishment (71), decreased inhibition of socially inap-
ropriate behaviors (72), and negative mood fluctuations under
tress (73). Perhaps central to these difficulties is the reduced ability
o maintain positive engagement in increasingly complex social
nvironments (9). Children need to integrate several high-order
ognitive and affective processes regulated by brain structures re-
eptive to cortisol to interact positively with their peers. Lower
ortisol secretion under stress and interconnected suboptimal
unctioning of brain structures regulating the HPA axis could jeop-
rdize maltreated/bullied children’s capacity to establish healthy
ocial relationships. Studies integrating biological markers present
t multiple levels of analysis (e.g., cortisol, functional magnetic res-
nance imaging) are needed to better understand the underpin-
ings of social and behavioral problems among maltreated/bullied
hildren.

The present findings should be considered in light of some
imitations. First, it is possible that lower cortisol response reflects
he influence of genetic factors rather than environmental influ-
nces. Exposure to maltreatment and bullying has been shown to
ave an environmentally-mediated effect on children’s mental
ealth (74,75), which suggests that childhood harm could have a
imilar effect on HPA axis reactivity. Second, we measured cortisol
n only one occasion and could not test whether differences in
ortisol responses to stress were present before childhood harm.
owever, because we assessed the confounding effect of a wide

ange of early characteristics, we speculate that this alternative is
nlikely. Third, our cortisol assessment would have benefited from
longer relaxation period before the stress paradigm, as stable

retest levels were not reached. An additional posttest saliva sam-
le would have also allowed a better characterization of the distinct

esponse patterns between the two groups.
We found that maltreated/bullied children had a blunted corti-

ol response to stress and that this lack of response was associated
ith increased social and behavioral problems. These findings have

mplications for research and clinical practice. First, future research
nvestigating HPA axis reactivity and behavior can benefit from
dopting a diathesis-stress framework. Early-life exposure to adver-
ity involving childhood harm could serve as a measure of diathesis
n future studies and may reveal larger effects of lower HPA axis
eactivity on behavior. Second, prevention and intervention efforts
hould integrate cortisol as a part of their overall assessment and
est whether changes in cortisol are associated with increased
sychological resilience or improvement in social and behavioral
roblems among maltreated/bullied children. Preliminary findings
uggest that attachment-based and family-based preventive inter-
ention successfully normalizes HPA axis reactivity in high-risk chil-
ren (76,77), which, in turn, mediates a greater decline in aggres-

ion (78). Better understanding of the biological, emotional, and
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cognitive mechanisms underlying the developmental risk associ-
ated with blunted HPA axis reactivity is needed to inform preven-
tion efforts among at-risk children.
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