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Summary

Background: Chronic or prolonged stress exposure in childhood can alter structural and
functional brain development, leading to mental and physical illness and alterations of psy-
chobiological stress systems in adulthood. Recently, attenuation in stress reactivity of the
hypothalamic—pituitary—adrenal (HPA) axis and cardiovascular system have been related to
the number of adverse childhood experiences (ACEs). We set out to investigate the association
of ACE duration and age of ACE occurrence on stress reactivity.

Methods: 104 women in the age range 18—25 years (mean=21.7) free of mental and physical
illness underwent psychosocial stress testing with the Montreal Imaging Stress Task (MIST). Free
saliva cortisol and heart rate were assessed repeatedly before and after the MIST.

Results: Number of ACEs was associated with attenuated cortisol and heart rate responses
to stress in a dose-response relationship. Whereas overall duration of ACEs was significantly
associated with an attenuated cortisol response, the specific age of first ACE occurrence did
not contribute further to the dampened stress response.
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Conclusions: ACEs are associated with blunted endocrine and cardiovascular stress reactivity in
young and healthy women. Adverse life events in childhood, particularly if they occur repeat-
edly and chronically, show a strong association with alterations in stress reactivity in adulthood,
potentially predisposing for later mental or physical disorders.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Adverse childhood experiences (ACEs), including physi-
cal, emotional and sexual abuse, affect a significant
portion of the population and have been shown to be
risk factors for the development and persistence of
mental disorders such as depression, anxiety disorders,
substance use disorders, or attention-deficit/hyperactivity
disorder. Changes in stress sensitivity and functioning of the
hypothalamic—pituitary—adrenal (HPA) axis have been sug-
gested as causal factors (De Bellis, 2002; Tarullo and Gunnar,
2006; Heim et al., 2008). The HPA axis, together with the
sympathetic nervous system (SNS), are key players in the
formation of the stress response (Chrousos, 2009). Mod-
els of stress reactivity and health outcomes have therefore
been a main focus in research towards understanding adver-
sity and resilience processes. Different reactivity phenotype
patterns have emerged in different studies, with a number
of studies showing exaggerated HPA axis and SNS responses
in the context of ACEs and psychopathology (Heim et al.,
2000b; Heim and Nemeroff, 2001; Bremner et al., 2003; Rao
et al., 2008).

In contrast to findings in clinical samples, a growing
number of studies on healthy participants reported blunted
endocrine (Carpenter et al., 2007, 2011; Elzinga et al., 2008;
Lovallo et al., 2012) and cardiovascular (Lovallo et al., 2012)
responses in association with ACEs. For example, Carpenter
et al. (2007) reported blunted plasma cortisol responses to
a psychosocial stress test in a healthy sample with a his-
tory of ACEs compared to participants without a history of
childhood maltreatment. Also, a recent study by Lovallo
et al. (2012) showed in a large sample of healthy partic-
ipants diminished cortisol as well as heart rate responses
with an increasing number of adverse life events, indicating
an inverse dose-response relationship of ACEs and reactivity
to a mental stress test.

To the best of our knowledge, the association of age
of occurrence and duration of ACEs has not been investi-
gated in healthy samples so far. There is evidence that these
factors could have a differential impact on stress reactiv-
ity in adulthood (Tarullo and Gunnar, 2006; Schoedl et al.,
2010; Tottenham and Sheridan, 2010). Since most studies
used brief self-report questionnaires or life events checklists
to assess ACEs (e.g. Carpenter et al., 2011; Lovallo et al.,
2012), questions of duration of the events or the respec-
tive age when they happened widely remain unanswered.
From a developmental perspective, age at traumatization
is believed to be an important factor (Bosch et al., 2012).
Brain components involved in stress response show large
plasticity during pre- and postnatal periods and during
early childhood, and some plasticity during later child-
hood and adolescence (Fumagalli et al., 2007; Andersen
et al., 2008). Also, the duration of adverse experiences

could be associated with psychobiological constructs. Par-
ticularly those environmental events that cause exceeding
or prolonged stimulation of the stress system during these
critical developmental periods could be linked to abnormal
neurodevelopment and therefore be risk factors for lasting
alterations in stress reactivity of the HPA axis and the SNS
(Schoedl et al., 2010).

Therefore, the aim of the present study was to repli-
cate the findings of attenuated endocrine and cardiovascular
stress reactivity in association with a history of ACEs in
a young, healthy, female adult sample. Furthermore, we
aimed to investigate the association of duration as well as
age of occurrence of adverse life events in childhood and
adolescence with the stress reactivity in adulthood. To elu-
cidate the association of age of occurrence and duration,
in this study, the Early Trauma Inventory-Self Report (ETI-
SR) served as a more detailed method in measuring ACEs
(Bremner et al., 2007). The questionnaire retrospectively
assesses a wide range of stress and trauma exposure before
the age of 18 and considers age of occurrence as well as
duration of the events.

In contrast to Lovallo et al. (2012) who employed
standard public speaking and mental arithmetic stressors,
and in contrast to the standardly used Trier social stress
test (TSST, (Kirschbaum et al., 1993), we used the Mon-
treal imaging stress task (MIST), that has been developed
to be compatible with functional magnetic resonance brain
imaging (Dedovic et al., 2005), but can be used in labora-
tory stress studies as well (La Marca et al., 2011). The MIST
offers a promising alternative to conventional psychosocial
stress tests. Advantages of the MIST are that participants sit
still during the stress protocol and do not speak, therefore
causing fewer artifacts measuring psychobiological parame-
ters like heart rate or electrodermal activity. Furthermore,
since the MIST is considered to evoke a moderate endocrine
stress response, the observed findings represent HPA activity
close to naturalistic settings (Smyth et al., 1998).

2. Methods and materials

2.1. Participants

The sample included 104 young and healthy females in the
age of 18 to 25 years (M=21.7; SD=1.5), recruited at three
schools for health care professions and social work in Basel,
Switzerland. The sample was part of an ongoing project,
which included only female participants. The recruitment
material referred to a 14-day sleep assessment describing
the nature and prevalence of sleep and sleeping disorder and
did not include explicit statements about childhood trauma
or adverse childhood experiences.

Exclusion criteria were current physical or psychiatric
illness, pregnancy, regular and heavy tobacco use (>5
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cigarettes a day), the consumption of illegal drugs, and the
use of medication that interferes with the central nervous
or the adrenocorticoid system.

Furthermore, participants were requested to minimize
physical exercise during the hour preceding the labora-
tory examination and not to take large meals, coffee, or
cigarettes. For participants taking no oral contraceptives,
the laboratory assessment was held in the luteal phase of
the participant’s menstrual cycle (Kirschbaum et al., 1999).

Participants received monetary compensation for their
participation and provided written informed consent prior
to participation. The ethical principles of the Declaration
of Helsinki were followed and the study was accepted by
the local Ethics Committee. All appointments took place in
a laboratory of the Psychiatric Clinics of the University of
Basel, Switzerland.

2.2. Procedure

After a preliminary screening assessment, participants
reported to the laboratory for the stress examination, which
took place between 3:30 pm and 6:00 pm to control for
circadian variation and lasted for approximately 2.5h. Par-
ticipants were told that the laboratory assessment would
include a test on cognitive performance.

Upon arrival, participants were seated in a comfortable
chair in front of a table with a computer screen and sev-
eral magazines. After the heart rate sensors were attached,
a ten minute resting period followed to customize partic-
ipants with the laboratory. Then, a baseline measurement
was conducted for five minutes. Immediately before the
baseline measurement, participants provided the first saliva
sample. Another saliva sample was collected immediately
before participants engaged in the MIST. Following the stress
exposure, a recovery period was conducted during which five
additional salivary cortisol samples were collected together
with self-report measures of the participants’ emotional
response to the stress task. At the end of the laboratory test-
ing, participants were debriefed and signed a second written
informed consent to approve the further use of their data.

2.3. Stress induction

The MIST (La Marca et al., 2011) was used to induce a psy-
chosocial stress response. The MIST (Dedovic et al., 2005) is
a standardized psychosocial stress test during which partici-
pants have to solve arithmetic tasks displayed on a computer
screen under time pressure and social evaluation. The soft-
ware adapts the difficulty of the tasks to the individual
performance level of each participant, so that it is not
possible to correctly answer more than 45—50% of the arith-
metic tasks in the experimental condition. Participants had
to complete three experimental runs, each lasting four min-
utes.

To induce a social evaluative threat, participants are told
that their performance has to be close or equal to the aver-
age performance of a normative sample that is shown on
the top of the computer screen, and that otherwise, their
data cannot be used for the research purposes. Also, partic-
ipants are informed that the study leader is watching their
performance next door. Furthermore, after each of the first

two runs, to further enhance social evaluative threat, the
study leader informs participants that their performance is
poor. In concrete terms, after the first experimental run, the
experimenter calls the study leader to ask what to do in such
an unusual situation. The participant then is told to repeat
the task and to do better. Then, after the second unsuccess-
ful performance, the slightly annoyed and demanding study
leader enters the laboratory and interrogates the partici-
pant about her individual reasons for her poor performance.
The study leader explains the high costs of the experiment
in case of a possible exclusion if the participant does not
achieve a better performance. Then, the last run of the MIST
starts while the study leader stays in the room and watches
the subject’s performance standing right behind her.

These behaviors were standardized and practiced before
study onset.

2.4. Measures

2.4.1. Biological measures

Saliva was collected at seven measurement points, whereof
two took place before the stress test (—10 and—1min) and
five after the stress test (+1, +10, +25, +40 and +55min)
using salivettes (Sarstedt, Sevelen, Switzerland). All saliva
samples were first stored at —22°C, then thawed and
centrifuged at 3000 rpm, before cortisol concentration in
saliva was determined by enzyme immunoassay (ALPCO
Diagnostics, Salem, USA). Because of unexpected high val-
ues, cortisol concentration was reanalyzed with a more
established commercially available chemiluminescence
immunoassay with high sensitivity (IBL International, Ham-
burg, Germany). The intra- and interassay coefficients for
cortisol were below 8%.

Heart rate was recorded using Vitaport 3 data acquisition
system (TEMEC Instruments B.V., Netherlands). Electrocar-
diogram (ECG) recordings were taken using Lead-Il electrode
placement (RedDot™, 2248-50, 3F Health Care, Germany)
on the thorax with three disposable electrodes. A sampling
rate of 1024 Hz was used for ECG recordings with a low pass
filter of 512Hz and a high pass filter of 0.5Hz. Anslab, a
software for scientific analysis of physiological data, was
used to analyze detected consecutive R-waves and calculate
R—R intervals, which were transformed to heart rate (Auto-
nomic nervous system laboratory, Wilhelm & Peyk, 2005).
Heart rate was averaged for Baseline, Stress 1, Stress 2,
Stress 3, and Recovery periods in reference to time markers
manually set in accordance with the various sections of the
experiment.

2.4.2. Psychological measures

A diagnostic screening including the German version of
the **Structured Clinical Interview for DSM-IV/Axis | Disor-
ders’’ (SCID-I) was conducted in order to detect and exclude
participants suffering from a mental disorder (Wittchen
et al., 1997). Lifetime history of mental disorders (n=9)
was assessed. Participants reported to have suffered from
depression (n=7), panic disorder (n=1), and posttraumatic
stress disorder comorbid with depression (n=1) and were
fully remitted at the time of the study. Relevant data includ-
ing age, medication, drug consumption, age of menarche,



61

Table 1  Participant characteristics and ACE scores of the study sample (N=104).

Variable M SD Range/%
Age [yr] 21.66 1.54 18—25
Age of onset menarche? [yr] 12.95 1.28 10—16
Oral contraceptive use, n (%) 59 (56.7)
Body Mass Index [kg/m?] 21.81 2.53 18.37—-31.14
Depressive symptoms (ADS-K) 7.08 4.93 0—-24
ACE total sum score 2.76 3.17 0—15
General trauma 1.43 1.63 0—7
Physical abuse .53 .99 0-5
Emotional abuse .54 1.25 0—-6
Sexual abuse .26 .57 0-3
ACEs > 1 year 1.27 2.40 0—-12
ACEs <1 year 1.44 1.55 0—-6
ACEs before menarche 1.96 2.99 0—15
ACEs after menarche .76 1.05 0—-6
Age of first ACE occurrence® 7.54 4.83 0—16

a n=103.

b n=80 (no experienced ACE, n=23; no reported age of occurrence, n=1).

BMI, date of last menstruation, and intake of hormonal con-
traceptives were also assessed during the interview.

ACEs before the age of 18 years were assessed ret-
rospectively using a German translation of the ‘‘Early
Trauma Inventory-Self Report’’ (ETI-SR) (Bremner et al.,
2007), which includes general trauma (31 items), physical
(9 items), emotional (7 items), and sexual abuse (15 items).
The ETI-SR has been demonstrated to be a valid measure of
early trauma, and has shown high internal consistency in all
trauma domains (Cronbach «>0.7) (Bremner et al., 2007).

Participants were asked a series of questions concern-
ing potential trauma and stress exposure, which they
answered with yes or no. Next, on positively answered
items, age of occurrence, frequency of trauma or abuse, and
emotional impact (0=no negative impact, 1=slightly neg-
ative, 2=moderately negative, 3 =strongly negative) were
assessed. In total, five different ACE scores were built. First,
a sum score was computed from all events rated with an
emotional impact of at least 1 (ACE total sum score). Fur-
thermore, a sum score for ACEs lasting less than a year
(ACEs<one year) and for ACEs lasting more than a year
(ACEs >one year) was computed. Age of occurrence was
assessed in two ways. In a first step, events which occurred
before or after a participants’ menarche were summed up
to ACEs before and after menarche, respectively. Next, age
of first ACE occurrence was abstracted for each subject,
while the emotional impact of at least ‘‘slightly negative’’
was considered. ACE mean scores of the study sample are
depicted in Table 1.

Because the ETI-SR does not provide cut-off scores for
grouping, for illustration purposes, evenly distributed quar-
tile groups (ACE total groups) were built via rank function of
SPSS for the ACE total sum score. The grouping via rank func-
tion resulted in the following group distributions: group 1=0
ACE, group 2=1 ACE, group 3=2-3 ACEs, and group 4=4 or
more ACEs. Groups with regard to duration were then built
according to the same group distribution as for the ACE total
groups.

Depressive symptomatology was assessed via the German
version of the Center for Epidemiological Studies Depres-
sion Scale (CES-D; German version: ADS-K; (Hautzinger and
Bailer, 1993).

Visual analog scales (VAS) for mood, tension, and stress
served as measures of subjective emotional response of
participants during the psychosocial stress test. The scales
ranged from ‘‘not stressed’’ (0) to ‘‘very stressed’’ (100),
experiencing ‘‘no tension’’ (0) to *‘extreme tension’’ (100),
and ‘‘having a good mood’’ (0) to ‘‘having a bad mood’’
(100), respectively.

2.5. Data analysis

Statistical analyses were performed using IBM SPSS Statis-
tics, version 20 (SPSS Inc., Chicago, IL). Descriptive statistics
were conducted for all variables. Skewed data were loga-
rithmically transformed where appropriate.

First, repeated measures general linear model (GLM) was
used to assess if the stress task led to a significant stress
response for the dependent variables salivary cortisol, heart
rate, as well as for the subjective emotional responses to the
MIST. Next, GLMs for repeated measures served to deter-
mine the effects of ACEs on endocrine and cardiovascular
responses. In these models, the ACE total sum score as well
as the different scores for duration and age of occurrence
were used as continuous variables to examine effects of
time, ACE scores, and the interaction of time by ACE scores.
In a second step, in order to visualize the results, the dif-
ferent ACE groups were then used as fixed factors for the
GLMs, respectively.

To protect against violation of  sphericity,
Greenhouse—Geisser corrections were applied where
appropriate. Effect sizes were determined by partial
eta-square, reflecting small (.01), medium (.06), or large
(.14) effect sizes (Green et al., 2000).

To account for their potential confounding influence on
cortisol concentration (Kirschbaum et al., 1999), BMI and
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use of oral contraceptives were included as covariates in
all statistical models. In this sample, depressive symptoms
were overall low and were neither related to cortisol, heart
rate nor ACEs and therefore not controlled for in the anal-
yses. Also, lifetime history of mental disorders (n=9) was
not related to the outcome measures and therefore not
controlled for in the analyses. Emotional responses to the
MIST (mood, tension, stress) were entered as covariates in
post-hoc analyses, using the trapezoid formula for calcula-
tion (area under the curve with respect to ground, AUCg;
Pruessner et al., 2003).

Technical difficulties with Vitaport 3 data acquisition sys-
tem led to data loss in heart rate measurements (missing
completely at random). Eventually, heart rate measures of
88 participants were available and went into the analyses.
Cortisol data of four subjects had to be excluded because
of unlikely high and fluctuating values, or because of acute
illness, and therefore, cortisol measures of 100 participants
went into the analyses.

3. Results

Demographic and trauma characteristics of the sample are
displayed in Table 1. According to univariate analyses of
variance, the ACE groups did not differ significantly in
terms of demographic characteristics (e.g. age, age of
onset of menarche, oral contraceptive use, and depressive
symptoms). However, for the ACE total groups, BMI was sig-
nificantly higher [p=.02] in women reporting 4 or more ACEs
(M=23.38, SD =3.55) compared to women reporting no ACEs
(M=21.16, SD=2.07).

Results obtained by GLM repeated measure analyses indi-
cated that the stress task induced a robust and significant
increase in cortisol levels [F(1.87, 185.52)=27.16, p<.001;
npt=.22] and heart rate [F(1.85, 164.95)=216.86, p<.001;
np?=.71]. Subjects experienced significant worsening of
mood [F(3.53, 360.36)=31.72, p<.001; n,2=.24], as well
as increases in tension [F(3.78, 385.39)=32.82, p<.001;
np2= .24], and stress [F(3.90, 398.15)=28.45, p<.001;
npt=.22] (Fig. 1). Regarding their emotional reaction to the
MIST, participants did not show differences in their base-
line and peak levels in relation to the total number of ACEs,
as indicated by univariate analyses of variances (data not
shown).

Furthermore, the associations of the subjective emo-
tional responses to the MIST with cortisol and heart rate
responses were tested. Results revealed no significant corre-
lations (all p>1). Depression symptom scores and ACE total
sum score were uncorrelated (r=.11, p=.27).

3.1. Association of ACE and cortisol responses to
stress

Repeated measures analysis of cortisol responses to stress
showed a significant interaction of time x ACE total sum
score [F(2.33, 221.60)=5.89, p<.001; n,2=.06] as well as
a significant main effect of ACE total sum score [F(1,
95)=7.52, p<.01; np?=.07]. Results remained significant
when the emotional responses to the stress task were
entered additionally as covariates. Results are depicted in
Fig. 2.
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Fig. 1 Subjective emotional responses to the MIST.
(®Timepoints relative to the MIST: t1=—1min, t2=+1min,
t3=+10min, t4=+25min, t5=+40min, t6=+55min.).

Next, it was tested whether the duration of ACEs was
associated with the cortisol responses to the stress task.
Repeated measures analysis of cortisol response to the stress
task resulted in a significant main effect of duration of
ACEs >one year [F(1, 95)=10.10, p < .01; 1,% =.10] and a sig-
nificant interaction of time and duration of ACEs >one year
[F(2.33, 221.16)=5.36, p<.01; n,?=.05] (Fig. 3). Results
remained significant when the emotional responses to the
stress task were entered additionally as covariates. How-
ever, these effects were not observed for the association
between ACEs that lasted shorter in duration (ACEs<one
year) and cortisol responses to the stress task [main
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Fig. 2 Cortisol responses to the MIST are depicted for women

who experienced 0, 1, 2—3 or 4 or more ACEs. Values represent
average cortisol + standard error of the mean for the ACE total
groups controlled for oral contraceptive use and BMI. Higher
ACE sum scores are associated with blunted cortisol responses.
(® Timepoints relative to the MIST: t1=—1min, t2=+1min,
t3=+10min, t4=+25min, t5=+40min, t6=+55min.).
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Fig. 3  Cortisol responses to the MIST are depicted for women

who experienced 0, 1, 2—3 or up to 4 or more ACEs that lasted
more than a year. Values represent cortisol & standard error
of the mean for the ACEs >one year group controlled for oral
contraceptive use and BMI. Higher ACE sum scores are asso-
ciated with blunted cortisol responses. (* Timepoints relative
to the MIST: t1=—1min, t2=+1min, t3=+10min, t4=+25min,
t5=+40min, t6 =+55min.).

effect, F(1, 95)=.64, p=.43; interaction effect, F(2.24,
213.21)=1.05, p=.36].

For age of occurrence, a significant interaction effect
[F(2.33, 220.99)=6.48, p<.01; n,2=.06], and a signifi-
cant main effect were observed for the sum of events
which occurred before menarche [F(1, 95)=10.26, p<.01;
np* = .09]. For events which occurred after menarche, these
effects were not observed [main effect, F(1, 95)=.18,
p=.67; interaction effect, F(2.24, 212.34) = .63, p=.55]. For
the specific age of first ACE occurrence, no significant asso-
ciations were observed [main effect, F(1, 78)=71, p=.40;
interaction effect, F(2.24, 174.75)=.56, p=.58].

3.2. Association of ACE and heart rate reactivity
to stress

Repeated measures analysis of heart rate response to the
stress task showed a significant main effect of ACE total
sum score [F(1, 85)=7.13, p<.01; 5,2=.08] as well as a
significant interaction effect of time x ACE total sum score
[F(1.98, 168.32)=5.86, p<.01; 1,%=.07]. Results remained
significant, when the emotional responses to the stress task
were entered as covariates (Fig. 4).

However, the further analyses with duration as well as
age of occurrence of ACEs revealed no significant relation-
ships with heart rate responses to the stress task (data not
shown).

4. Discussion

We set out to assess the association of ACEs and psychobi-
ological stress reactivity and its modulation by the number,
duration and age of occurrence of ACEs in healthy young
women. Our results are in line with previous reports of
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Fig. 4 Heart rate responses to the MIST are depicted for

women who experienced 0, 1, 2—3, or 4 or more ACEs. Val-
ues represent average heart rate (beats per minute) + standard
error of the mean for the ACE total groups controlled for
oral contraceptive use and BMI. Higher ACE sum scores are
associated with attenuated heart rate reactivity. (* Timepoints
relative to the MIST: Heart rate averaged for Baseline (—5 min),
Stress 1 (first run), Stress 2 (second run), Stress 3 (third run),
and Recovery period (first 5min after last run).).

attenuated endocrine (Carpenter et al., 2007, 2011; Elzinga
et al., 2008; Lovallo et al., 2012) as well as cardiovascu-
lar (Lovallo et al., 2012) stress responses to a psychosocial
stress test in healthy adults with a history of adverse child-
hood experiences. Furthermore, our results substantiate the
importance of the mean number of ACEs on endocrine and
cardiovascular response to psychosocial stress. Importantly,
blunted cortisol and heart rate responses were indepen-
dent of emotional responses, suggesting that the diminished
endocrine and cardiovascular stress reactivity cannot be
explained by a reduced emotional reaction to stress (which
may be interpreted as flattened affect) after a history of
childhood adversity.

To the best of our knowledge, the present study is the
first to demonstrate that in healthy young women, especially
long enduring, chronic ACEs show the strongest association
with a blunted cortisol reactivity, adding valuable knowl-
edge to the link between chronic childhood adversity and
alterations of the HPA axis. Even though the sum of events
which occurred before menarche showed an association with
a blunted cortisol reactivity, whereas events after menarche
did not, in this sample, the specific age of occurrence did
not contribute to a further understanding of the association
between timing of ACEs and endocrine and cardiovascular
reactivity.

Per se, our results show a deviation from an expected
endocrine and cardiovascular stress response in partici-
pants free of mental and physical illness in association
with a history of ACEs. According to Obradovic (2012),
taking together recent findings on stress reactivity in the
context of early adversity, it is more accurate to state
that exposure to early life stress may lead to dysregulated
physiological phenotypes rather than to a particular pat-
tern of hyper- or hyporesponsivity (Obradovic, 2012). The
recently proposed adaptive calibration model (Del Giudice
etal., 2011) offers an evolutionary-developmental theory of
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individual differences in physiological reactivity processes.
The authors hypothesize that, at a very general level, a
nonlinear relation between adverse life event exposure and
stress response exists. However, in the context of high
adversity, the model predicts an either vigilant profile,
characterized by high biological stress responsiveness, or
an unemotional, underresponsive profile, characterized by
generally low HPA axis and SNS activity. Thus, these oppo-
site phenotypes might be mediated by other factors and
their interactions, e.g. the study sample, the type of mal-
treatment or the interaction of various environmental and
genetic factors.

In terms of environmental factors, studies have demon-
strated that the HPA axis in early human development is
under strong social regulation (Tarullo and Gunnar, 2006).
Therefore, several studies suggested parental caregiving as
a moderator of the HPA reactivity (Gunnar et al., 1992;
Nachmias et al., 1996; Tarullo and Gunnar, 2006). Thus,
sensitive parenting appears to buffer cortisol responses in
fearful situations, whereas being deprived of an evolution-
arily expectable level of care (e.g. institutional rearing) has
been associated with blunted cortisol production (Carlson
and Earls, 1997; Gunnar et al., 2001). However, studies
with institutionalized children were also able to show that
improved caregiving environments had an effect on nor-
malizing dampened HPA axis diurnal rhythms (Dozier et al.,
2008; Cicchetti et al., 2011; Fisher et al., 2011).

The social buffering of the HPA axis is supported by
findings in animal models. In their extensive summary of lit-
erature, Hostinar et al. (2014) report findings from animal
studies, which suggest that neural mechanisms are respon-
sible for behavioral and neuroendocrine changes due to
social buffering (Hostinar et al., 2014). Findings from animal
studies report changes in the development of the HPA axis
and its function in social buffering. In early development,
a stress hyporesponsive period (e.g. Witek-Janusek, 1988)
during which the mother strongly controls the infants corti-
costerone levels has been reported, which can be disrupted
by maternal deprivation and result in a hyperresponsive
HPA pattern. In later stages of development, peers can
also become a source of social buffering (Hennessy et al.,
2009). For example, social input has been shown to dampen
HPA axis reactivity in rat pups if the mother was present
(e.g. Stanton and Levine, 1990; Shionoya et al., 2007), in
maturing rodents when cohabitating companions are present
(Terranova et al., 1999), or in squirrel monkeys in the pres-
ence of familiar and unfamiliar conspecifics (Vogt et al.,
1981; Hennessy, 1984).

The findings in human and animal studies provide sup-
port for an adaptive response of the stress system to its
environment, probably in order to enhance survival odds.
It could be speculated that after an initial hypersecre-
tion of cortisol due to chronic stressful environments, the
HPA axis could counter-regulate its response and cortisol
output might rebound to below normal. A plausible bio-
logical explanation could be an increased glucocorticoid
negative feedback with a downregulation of CRF recep-
tors, or a diminished release of cortisol by the adrenal
glands (Heim et al., 2000a; Fries et al., 2005). This view
is supported by our finding that only chronic events, not
acute events, were associated with a blunted cortisol
response.

Recent studies link genetic and epigenetic alterations to
stress reactivity in association with ACEs as well. A history
of ACEs has been associated with an epigenetic regulation of
the glucocorticoid receptor in the hippocampus (McGowan
et al., 2009). Moreover, a recent study on healthy adults who
experienced the loss of a parent during childhood, maltreat-
ment, or low parental care showed epigenetic alterations of
a region of the human glucocorticoid receptor gene, which
in turn was associated with a blunted cortisol reactivity
after a neuroendocrine challenge test in these participants
(Tyrka et al., 2012). Another study linked prenatal maternal
depression to increased methylation of the glucocorticoid
receptor gene, and showed exaggerated salivary cortisol
output to stress at 3 months of age (Oberlander et al., 2008).
Further studies are needed to investigate these changes in
central regulation of the glucocorticoid receptor in brain
regions involved in stress responses in association to ACEs.

Our results raise the challenging question of whether
the observed alterations in stress responsivity can be inter-
preted as a potential risk factor for or as a sign of resilience
to the development of later mental and physical disor-
ders. Even if initially adaptive, blunted cortisol reactivity
could compromise future and necessary psychobiological
stress reactivity. For example, low cardiovascular and/or
endocrine reactivity to acute psychological stress has been
associated with depression, fibromyalgia, obesity, burn out,
substance use disorders, and chronic pain syndromes (Griep
et al., 1998; Heim et al., 1998; Pruessner et al., 1999;
Lovallo et al., 2000; Gold and Chrousos, 2002; Gur et al.,
2004; Phillips et al., 2011; Jones et al., 2012).

Considering that participants in the present study were
recruited from a school of higher education and were free
of psychopathology in adulthood, they may have been
selected in a way that the blunted stress reactivity pattern
may stand for resilience to the development of mental
illness in the aftermath of childhood adverse experiences.
Longitudinal, population-based research is needed to inves-
tigate if participants without present psychopathology, who
had shown blunted stress responses after stress induction,
are at higher risk to develop psychiatric disorders later in
life or remain healthy.

The present study revealed diminished heart rate
responses in association with the total number of ACEs,
but not with the subgroups regarding duration and age of
occurrence. Recently, Bauer & Boyce have suggested the
examination of the HPA axis and the SNS simultaneously for
a better understanding of their coordination (additive or
interactive; or opposing or complementary) (Bauer et al.,
2002). Only few studies have examined the exact nature of
their coordination in adult samples so far (Ali and Pruessner,
2012; Lovallo et al., 2012; Andrews and Pruessner, 2013),
and results are mixed. Methodological differences between
the reported studies could account for the different findings.
More empirical research is needed to investigate the exact
nature of SNS alterations after ACEs, as well as the coordi-
nation and interactions between the two stress systems.

Our results revealed no associations of the specific age
of occurrence, which contrasts to findings of other studies.
Bosch et al. (2012) reported that especially ACEs in pre-
and postnatal developmental stages were associated with
heightened cortisol reactivity (Bosch et al., 2012). However,
their sample included 16-year old adolescents, and also



included concurrent psychopathology. In contrast to the
present study, which used age of first ACE occurrence, and
the distinction pre- and postmenarche, the authors used
more distinct age groups to examine the association of
age and cortisol reactivity. A limitation of our approach,
by using the specific age of occurrence, is that type of
trauma is neglected. Type of trauma is an important factor,
which could also explain different HPA axis phenotypes.
Future studies are needed to further analyze timing of
ACEs, and methodologically, this might be assessed best in a
sample of participants with one specific severe trauma/life
event. Furthermore, a limitation of the present study is
that no data on pre- and postnatal stress exposure was
included. Prenatal maternal stress (Entringer et al., 2009)
and postnatal adversity (Bosch et al., 2012) have been
associated with increased HPA responses to stress, which
could result in a sensitization to stressors in long-term.

Another limitation of the present study is that only
peripheral readouts of stress hormone activation were mea-
sured. The HPA axis and the cardiovascular system are
complex and multilayer systems and therefore we are not
able to identify the exact mechanisms or location of the
observed dysregulations. Furthermore, that only women
were recruited and tested has to be mentioned as another
potentially limitating factor. Especially as some of the
recent models on stress reactivity changes after chronic or
traumatic stress make mention of sex differences, it would
have been informative to assess the stress response in men
as well (Bangasser, 2013). Thus, due to the characteris-
tics of the study sample, the presented findings can only
be generalized to young women free of mental and physi-
cal illness. Also, participants were attendees of schools for
health care professions and social work, which could have
led to a selection bias as outlined above. Also, even though
Hardt and Rutter (2004) concluded in their review of studies
from 1980 to 2001 that the validity of retrospective recall of
sexual/physical abuse, physical/emotional neglect or family
discord is sufficiently valid (Hardt and Rutter, 2004). Still,
the retrospectively assessed adversities could have been
underestimated and/or biased, especially reported events
in toddler and pre-verbal ages.

Because of methodological reasons, the specification
between ACEs shorter/longer than one year cannot be
assumed to be completely independent from each other.
Since some participants reported both, acute and chronic
ACEs, with our sample size, it was not possible to have fully
distinct and statistically orthogonal groups.

Despite these limitations, the present study strengthens
the assumption that adverse childhood experiences give rise
to a blunted stress reactivity of the HPA axis and the SNS
in young healthy women. In this study population, num-
ber and duration of adverse events in childhood showed the
strongest association with an attenuated stress response in
adulthood. These findings suggest that the reactivity of the
human stress system is indeed shaped by the experience of
extrinsic chronic stressors in childhood and adolescence.
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