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Summary
Theoretical statements, as well as clinical and experimental data, suggest that the
amplitude of cardiovascular reactivity to acute stressors can be a good predictor of
preclinical and clinical cardiovascular states. The aim of the present study is to investigate
the role of estrogens, the hypothalamic–pituitary–adrenocortical activity, and the
behavioral profile in individual cardiac autonomic reactivity to brief laboratory stressors
in women.
Thirty-six adult, healthy women were exposed to a stress interview and a mental task test,
each lasting 5 min. They were assigned to two experimental groups: D4, i.e. 4 days after
menses beginning (follicular phase, n ¼ 18), and D14, i.e. 14 days after menses beginning
(ovulatory phase, n ¼ 18). The cardiac measurements in the baseline, stress and recovery
periods consisted in heart rate (average R–R interval) and parasympathetic tone (r-MSSD)
quantification, while the HPA axis activity and stress reactivity were assessed via plasma
cortisol and dehydroepiandrosterone concentrations. The ethological profile during the
interview was drawn by means of non-verbal behavior analysis. The cardiac, adrenocortical and behavioral responses to the two stressors were similar in groups D4 and D14,
despite significantly higher estradiol levels in the latter. Subjects with higher pre-stress
cortisol levels had higher heart rate and lower vagal activity in the baseline, stress and
recovery phases. Women showing higher level of submission were characterized by higher
heart rate acceleration and vagal withdrawal during both the interview and the recovery
phase. In addition, the subjects that exhibited greater displacement during the interview
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were also characterized by lower heart rate increments and less pronounced vagal
suppression during post-stress recovery. In conclusion, the present results do not support a
clear buffering role of estrogens in cardiovascular response to acute stressors. However,
they confirm that baseline HPA axis activity can be predictive of cardiac autonomic activity
and stress responsiveness. They also highlight the modulating role of the individual style of
behavioral coping in cardiac sympathovagal stress reactivity. Therefore, the objective
assessment of the individual behavioral profile via the analysis of non-verbal communication patterns might represent a powerful tool for identifying subjects with higher risk of
cardiac events.
& 2007 Elsevier Ltd. All rights reserved.

1. Introduction
Psychosocial challenges induce robust neuroendocrine responses mainly involving the activation of the sympatheticadrenomedullary (SAM) system and the hypothalamic–
pituitary–adrenocortical (HPA) axis (Kirschbaum et al.,
1995; Sgoifo et al., 1996; Gerra et al., 2001; Schommer
et al., 2003). In the short term, the HPA axis and the SAM
system effectively manage the adaptive response to these
stressful events through dynamic mutual interactions.
However, as postulated by McEwen in his allostatic theory
of stress adaptation and pathology, the same physiologic
mediators that maintain homeostasis are also involved
in allostatic overload when they are not turned off
efficiently after the challenge or not turned on in adequate
amounts when needed (McEwen, 1998; Goldstein and
McEwen, 2002).
Human and animal data indicate that psychosocial stress
can bring about various cardiocirculatory and pathophysiological complications, including atherosclerosis, hypertension, myocardial stunning, acute coronary syndrome,
reduced heart rate variability, cardiac arrhythmias and
myocardial structural damage (Kaplan and Manuck, 1999;
Sgoifo et al., 1999; al’Absi and Arnett, 2000; Knardahl,
2000; Lucini et al., 2002; Costoli et al., 2004; Wittstein
et al., 2005; Rozanski et al., 2005, Strike et al., 2006).
There is also evidence suggesting that the amplitude of
cardiovascular reactivity to acute stressors can predict the
development of preclinical and clinical cardiovascular states
(Treiber et al., 2003). The reactivity hypothesis of cardiovascular risk postulates that individuals with exaggerated
cardiovascular response to stressors are at higher risk of
developing cardiovascular morbidity (Krantz and Manuck,
1984; Burleson et al., 2003). Given that it takes years for
such a condition to develop, the tendency towards hyperresponsivity must be stable and reproducible over time
(Manuck et al., 1993). Indeed, behaviorally evoked cardiovascular response appears to be a relatively stable individual
trait, showing reasonable consistency across time and
stressors (Sherwood and Turner, 1995; Sgoifo et al., 2003).
For these reasons, it is clinically relevant to investigate
individual differences in acute cardiovascular stress responsivity and to try to figure out the role of different
modulating variables accounting for such individual variability. In this regard, the HPA axis function, sex steroid
levels, and the individual strategy of behavioral coping
with psychosocial challenges represent three important
modulators.

Clinical and basic science studies underline the role of
glucocorticoids in cardiovascular stress responsivity (Litchfield et al., 1998; Sapolsky et al., 2000; Larson et al., 2001;
Roy et al., 2001; Schommer et al., 2003). It is generally
accepted that appropriate cortisol levels are crucial for
catecholamines to exert basic effects on the cardiovascular
system, such as vasoconstriction and sinus tachycardia
(Dickerson and Kemeny, 2004). Moreover, baseline cortisol
levels can be predictive of heart rate reactivity induced by a
public speech task (Larson et al., 2001), and individual
differences in cardiovascular reactivity appear to predict
cortisol changes due to a mental arithmetic challenge
(Uchino et al., 1995). Indeed, baseline glucocorticoid levels
rather than stress-induced responses are likely to be
more essential as modulators of cardiovascular reactivity
(Sapolsky et al., 2000).
Besides glucocorticoids, differences in sexual steroid
concentrations (due to gender, menstrual cycle phase,
menopausal status, and pregnancy) account for different
cardiac autonomic and HPA axis stress responses (Kudielka
and Kirschbaum, 2005; Kajantie and Phillips, 2006). Earlier
studies in women using mild to moderate psychosocial
stressors reported similar cardiovascular and HPA axis
responses, regardless of the menstrual cycle phase (Abplanalp et al., 1977; Stoney et al., 1990). However, the use of
standardized stress protocols has highlighted considerable
variations. In particular, the luteal phase (i.e. high estrogen
and progestin concentrations) was shown to be characterized by greater adrenocortical response and sensitivity, and
buffered cardiovascular responsivity (Tersman et al., 1991;
Sita and Miller, 1996; Kirschbaum et al., 1999). As for
glucocorticoids, the role of sex hormones in modifying the
incidence of cardiovascular disease is largely acknowledged
(Kalin and Zumoff, 1990). A substantial body of biological
data supports the important role of estrogens in reducing
the risk of cardiac and vascular morbidity (Grodstein et al.,
1996; Pepine et al., 2006; Bolego et al., 2006; Turgeon
et al., 2006). Such protective action appears to be exerted
via different mechanisms, involving lipoprotein metabolism,
direct effect on the vessel wall, and modulation of
sympatho-vagal balance (Farhat et al., 1996; Pare et al.,
2002; Saleh and Connell, 2003).
Another important issue about cardiovascular stress
reactivity and morbidity concerns the role of individual
differences in behavioral response to stressors (Rozanski et
al., 1999; Lerner et al., 2005). For instance, when facing
stressful tasks, some participants may respond with a
proactive coping style, whereas others may adopt a reactive
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coping strategy (Ursin and Olff, 1993). These different
modes of behavioral coping with a stressor may bring about
different autonomic/neuroendocrine responses in ways that
have important clinical implications (Korte et al., 2005). The
ethological approach to the analysis of human behavior
represents a powerful tool for highlighting individual
differences in behavioral coping and allows to compare
physiological parameters with objectively quantified behavioral scores (Troisi, 1999). Via this approach, a previous
study by our research group found a close relationship
between the degree of autonomic/neuroendocrine arousal
and the style of behavioral adaptation to psychosocial
stressors (Sgoifo et al., 2003).
The present study performed on young women aims to
shed further light on the role of natural fluctuations of
estrogen levels (associated with different phases of the
menstrual cycle) on cardiac and HPA axis activity, and stress
responsivity. The cardiovascular measurements consisted in
indirect evaluation of the sympathovagal balance at the
sinoatrial node (heart rate and heart rate variability
parameters), while the HPA axis function was assessed by
determining plasma cortisol and dehydroepiandrosterone
(DHEA) concentrations. We also investigated whether
individual differences in the style of behavioral coping,
quantified by means of a detailed analysis of non-verbal
behavior, were differentially associated with HPA axis and
cardiac autonomic stress responsivity.

2. Methods
2.1. Participants
Data were collected from 36 healthy female university
students. Their mean age was 23.4 years (70.4, SEM), body
weight 58.3 kg (71.4), height 1.66 m (70.01), and body
mass index 21.1 kg/m2 (70.04). The participants were
requested to confirm that: (i) they had had regular
menstrual cycles of 26–30 days for the 6 months prior to
participation in the study, (ii) they had not used oral
contraceptives, (iii) they were not pregnant, (iv) they were
not under any kind of chronic pharmacological treatment,
(v) they were not smokers, and (vi) they had no history of
cardiovascular disease. In addition, we also instructed
participants not to have alcoholic drinks and not to perform
sustained physical activity in the 24 h preceding the
recording session. The experimental subjects were allowed
to have a light breakfast, but at least 1 h before testing.
They were also asked to wake up not later than 07:00 h on
the morning of the test, in order to avoid blood sampling
when cortisol levels are too close to diurnal maximum peak
(Steptoe et al., 2007).
The women were assigned to two groups of n ¼ 18
subjects each: D4—measurements taken on day 4, after
the beginning of the menstrual cycle; D14—measurements
taken on day 14, after the beginning of the cycle. All
recordings were performed between 9:00 and 13:00 h, in a
quiet room at a comfortable temperature (2272 1C).
Participants received a verbal explanation describing the
experiment, but not the purpose of the study, and signed a
written informed consent. The experimental protocol was
approved by our Institutional Review Board.
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2.2. Outline of the experimental set-up
Each subject individually underwent a four-phase experimental procedure, overall lasting around 40 min, in the
presence of four experimenters.

 Adaptation phase (10 min): electrode positioning for





electrocardiographic (ECG) recording, with the subject
comfortably seated on a chair in the presence of three
experimenters.
Baseline phase (10 min): baseline ECG recording at rest,
immediately followed by blood sample collection, in the
presence of the same experimenters.
Stress phase (10 min): stress interview with ECG and
videotape recording, followed by mental task with ECG
recording only, in the presence of four experimenters.
Recovery phase (10 min): recovery ECG recording, immediately followed by blood sample collection, in the
presence of three experimenters.

2.3. Radiotelemetry system for ECG recordings
The radiotelemetry system employed in this study for the
ECG recordings consisted of a flat transmitter (TA11CTA-F40,
Data Sciences International, St. Paul, MN, USA), and a
platform receiver (RPC-1, Data Sciences International). The
two steel wires protruding from the body of the trasmitter
were wrapped to commercial electrodes terminating with a
disc-shaped lead (Battaglia-Rangoni, Bologna, Italy). The
two electrodes were fixed with paper tape to the right and
left parasternal regions, and the transmitter was left lying
on the receiver, on a table just in front of the subject.

2.4. Electrocardiographic data acquisition and
processing
Continuous ECG recordings (sampling frequency: 1 kHz) were
performed in four recording periods, each lasting 5 min:
baseline (Bas), stress interview (Test1), mental task (Test2),
and recovery (Rec). The ECG waves were acquired on PC
with ART-Silver 1.10 data acquisition system (Data Sciences
International). The ECG analysis was performed by means of
a software package developed in our laboratory (Sgoifo et
al., 2001) for quantification of time-domain indexes of heart
rate variability (HRV; Stein et al., 1994). The following two
parameters were quantified: (i) the mean R–R interval
duration (RR, ms) and (ii) the root mean square of successive
R–R differences (r-MSSD, ms). Basically, RR corresponds to
the average inter-beat-interval in a given period of time.
The r-MSSD focuses on high-frequency, short-term variations
of the R–R interval, which are due to the activity of the
parasympathetic nervous system (Stein et al., 1994; De
Meersman and Stein, 2007). Generally speaking, increased
sympathetic and/or decreased parasympathetic activity
(i.e. shift of sympathovagal balance towards sympathetic
dominance) are reflected in decreased values of RR and
r-MSSD, while decreased sympathetic and/or increased
vagal nervous system activity (i.e. shift of sympathovagal
balance towards parasympathetic prevalence) are reflected
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in increased values of these parameters. The RR and r-MSSD
quantification was performed after removal of the intervals
surrounding the arrhythmic events (extremely rare) or
recording artifacts.

2.5. Blood collection and endocrine determinations
Blood samples (9 ml each) were collected in sterile test
tubes at the end of baseline and recovery phases (the time
span between the two samples was approximately 20 min).
They were immediately centrifuged at 3500 rpm for 15 min
at 4 1C, and the plasma was stored at 80 1C until assayed.
The plasma concentrations of cortisol, DHEA, and estradiol
were determined. Each hormonal determination was peformed in duplicate. Intra- and inter-assay coefficients of
variation were less than 10% for each hormonal evaluation.
The cortisol levels were quantified using a radio immuno
assay (RIA) kit. The rabbit antihuman cortisol antiserum had
100% cross-reactivity with cortisol, 35.8% with prednisolone,
4.6% with 11-deoxycortisol, 1.2% with cortisone and corticosterone, 0.6% with 17-hydroxyprogesterone, 0.4% with
prednisone, 0.3% with deoxycorticosterone and less than
0.1% with progesterone. The DHEA levels were quantified
using a RIA, too. The hormone had 100% cross-reactivity with
DHEA, 0.45% with isoandrosterone, 0.19% with androstenedione, 0.04 with 5a-androstane-3,17-dione, 0.03% with
5-androstene-3b, 17b-diol, 0.03% with androsterone and
less than 0.001% with progesterone, dexamethasone, testosterone, aldosterone, corticosterone, cortisol, estradiol,
estrone, and norethindrone. Finally, estradiol levels were
also quantified via RIA. The estradiol had 100% crossreactivity with estradiol, 2.4% with estrone, 0.2% with
estrone-b-D-glucuronide, 0.01% with estrone-3-sulfate,
0.34% with equilin, 3.40% with D-equilenin, 0.21% with
17a-estradiol, 0.21% with 16-cheto-estradiol, 2.56% with
17b-estradiol-3-glucuronide, 0.17% with estradiol-3-SO4,
0.64% with estriol, and less than 0.001% testosterone and
DHEA.

2.6. Stress interview and mental task
A psychosocial challenge was performed, consisting of a
brief (5 min) stress interview during which the subject was
seated in front of an interviewer (middle aged man) and in
the presence of three additional experimenters (who
remained silent all throughout the test). Differently from
the Trier Social Stress Test (TSST) (Kirschbaum et al., 1993),
the challenge did not involve a free speech in a simulated
job interview, but consisted in a number of questions by the
interviewer. In particular, each woman was asked to
describe her distinctive personality features in a social
context (for instance: ‘‘Are you a sociable person?’’, ‘‘What
characteristics of your social attitude would you like to
change?’’, ‘‘What social contexts do you find most stressful?’’, etc.) (Troisi, 1999; Sgoifo et al., 2003). In order to
render the challenge more stressful, the interviewer often
interrupted the participant’s answers. The interview was
immediately followed by a mental task (5 min) consisting of
three exercises of increasing difficulty, in which the subject
had to choose the missing element that correctly completed
a series of images. For the 1st exercise, the subject had
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1 min to find the correct solution, while for exercises 2 and
3, she was given 2 min each. The subject was not allowed to
speak during the mental task.

2.7. Behavioral measurements
The subject’s non-verbal behavior during the stress interview was quantified by means of the Ethological Coding
System for Interviews (ECSI). The ECSI used in the present
study is a revised version of Grant’s ethogram, specifically
designed for clinical interviews (Grant, 1968; Troisi, 1999).
Non-verbal behavioral patterns act as social signals and
reflect mood and intentions to behave in certain ways (Dixon
and Fisch, 1998). This version of ECSI includes 37 different
patterns, mostly facial expressions and hand movements.
The ECSI was specifically designed for measuring non-verbal
behavior during stress interviews by combining behavior
patterns described in published human ethograms.
The interview was videotaped with a camera adjusted so
that the subject’s face and trunk were in full view.
Subsequently, a trained observer examined the videotape
and scored the subject’s behavior according to a one-zero
sampling method (Troisi, 1999). Each video recording
(lasting 300 s) was divided into 20 successive 15-s sample
intervals and the observer recorded whether a certain
behavioral pattern had occurred or not, in each sample
interval. The score for each pattern was expressed as the
proportion of sample intervals (%) during which that pattern
occurred as to the total number of sample intervals.
The 37 behavioral patterns were then grouped in eight
behavioral categories, each reflecting a different aspect of
the subject’s emotional and social attitude (see Troisi, 1999
for details on the 37 behavioral patterns and grouping
criteria): (1) eye contact, which expresses attention and
involvement and is considered an essential component in a
dyadic interaction; (2) affiliation, i.e. a set of patterns
which consists of facial expressions and head movements,
which invite social interaction and reflect interpersonal
attitude, tending to reassure and increase attachment;
(3) submission, i.e. patterns used to appease the interviewer and prevent or inhibit hostile responses; (4) flight,
which includes non-verbal behaviors aimed at cutting off
sensory systems from incoming social stimuli perceived as
stressful or adverse; (5) assertion, which includes facial
expressions and head movements that signal low-level
aggression and hostility; (6) gesture, which includes hand
movements that accompany, illustrate and, accentuate the
verbal content of utterances—this behavioral category
reflects the subject’s communicative efforts in social
interactions and is a reliable index of global psychomotor
activity; (7) displacement, which includes behavioral patterns that consist of movements which are focused on one’s
own body or addressed to manipulation of external objects;
and (8) relaxation, which consists of behavioral patterns
indicative of a low level of emotional arousal.
The score of a given behavioral category was expressed as
the sum of the percentages of all the behavioral patterns
belonging to it. Before the beginning of the study,
the observer was trained in order to reach an adequate
level of inter-observer reliability (i.e. a k coefficient of at
least 0.70 for each behavioral pattern). The assessment of
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inter-observer reliability was based on a sample of 30
interviews, which did not include the ones with the subjects
of this study.
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endocrine, and behavioral parameters. Statistical significance for all tests was set at po0.05. All statistics were
performed using SPSS 11.5 software package (SPSS Inc.,
Chicago, IL, USA).

2.8. Data analysis and statistics

3. Results
All parameters (electrocardiographic, endocrine, and behavioral) were expressed as mean7SEM. The R–R interval and
r-MSSD were quantified as: (i) mean of each 5-min recording
period (baseline, stress interview, mental task, and recovery); (ii) Delta value (difference between stress interview
and baseline values). The blood cortisol and DHEA concentrations were expressed as Pre (value during baseline
phase), Post (value at the end of recovery phase), and
Delta (Post minus Pre), while the blood estradiol concentrations were expressed only as Pre. The values of cardiac
autonomic (RR and r-MSSD) and adrenocortical (cortisol and
DHEA) parameters were statistically analyzed by means of
two-way ANOVA, with ‘‘menstrual cycle phase’’ as betweensubject factor (two levels: days 4 and 14 after the beginning
of the cycle) and ‘‘time’’ as within-subject factor (two
levels for adrenocortical measures: Pre and Post; four levels
for heart rate measures: Bas, Test1, Test2, Rec). After
ANOVAs, posthoc analyses were applied when appropriate
using Student’s ‘‘t’’-test. Between-group comparison for
estradiol concentrations and behavioral category scores
were also performed by means of Student’s ‘‘t’’-test. The
relationships between behavioral, endocrine, and cardiac
autonomic measures were statistically explored by hierarchical, multiple regression. Hierarchical multiple regression analyses were carried out with RR and r-MSSD as
dependent variables. The variables were entered in the
following order: step 1, behavioral categories (eye contact,
flight, submission, affiliation, gesture, displacement, assertion, and relaxation); step 2, DHEA and cortisol pre-stress
levels. Subsequently, Pearson’s correlation coefficient was
used to assess relationships between pairs of cardiovascular,

3.1. Cardiac autonomic responses
Two-way ANOVA applied to 5-min mean values, revealed a
significant effect of the ‘‘time’’ factor for RR (F ¼ 8.5,
po0.01) and r-MSSD (F ¼ 4.2, po0.01; Table 1).
The within-group post hoc analysis revealed a clear
reduction of RR and r-MSSD values during Test1 as compared
to baseline, though statistical significance was reached only
for RR (RR—D4: t ¼ 3.09, po0.01; D14: t ¼ 2.24, po0.05;
r-MSSD—D4: t ¼ 1.93, p ¼ 0.07; D14: t ¼ 1.57, p ¼ 0.08).
On the contrary, Test2 did not induce significant RR changes
as compared to baseline conditions, for neither group D4 nor
D14. In other words, only the stress interview induced robust
heart rate accelerations, and such changes were not
statistically different between the two experimental
groups. D4 and D14 women showed similar changes in RR
and r-MSSD even when Delta values (Test1-Bas) were
compared (Table 1).

3.2. Hormone levels
In order to quantify possible differences in circulating
estradiol between D4 and D14 women, the plasma concentrations were determined at the end of the baseline phase. As
expected, D14 women had significantly higher estradiol levels
as compared to their D4 counterparts (D4: 102.7710.8 pM/l;
D14: 416.5762.0 pM/l; t ¼ 4.9, po0.01).
Fig. 1 reports values of plasma cortisol and DHEA
concentrations before (Pre) and after (Post) the stress phase

Table 1 Values of heart rate parameters (RR and r-MSSD, ms; mean7SEM) in the different recording periods, in women
belonging to group D4 (4 days after the beginning of the menstrual cycle) and group D14 (14 days after the beginning of the
cycle).
Group

Period

Heart rate parameter
RR

r-MSSD

D4 (n ¼ 18)

Bas
Test1
Test2
Rec
Delta

788.1729.1
664.9727a
727.4728.5
811.6729.3
123.2715.2

45.275.0
34.574.2
38.974.1
52.075.7
10.772.3

D14 (n ¼ 18)

Bas
Test1
Test2
Rec
Delta

742.5724.6
667.7722a
729.2722.5
764.5721.8
74.8720.2

36.874.3
30.472.2
34.473.9
43.075.0
6.473.8

Bas, baseline; Test1, stress interview; Test2, mental task; Rec, recovery; Delta, Test1Bas; RR, average R–R interval; r-MSSD, root
mean square of successive R–R differences.
a
Significantly different from corresponding baseline (po0.05, Student ‘‘t’’-test).
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*

**

18

to stress interview did not appear to be influenced by the
levels of circulating estrogens.

3.4. Relationships among autonomic, endocrine,
and behavioral variables

16

Cortisol (µg/dl)

14

In light of the lack of any significant difference between the
two groups of women, correlation analyses between the
various autonomic, endocrine, and behavioral variables
were performed considering all the subjects as a single
experimental group.

12
10
8
6
4
2
0
Pre

4g Post
D4

Pre 14g Post
D14

16
14

3.4.1.2. Prediction of cardiac response to mental task
(Test2). The block of hormonal variables predicted the
variance of RR during Test2 (F ¼ 4.09, DR2 ¼ 0.20, po0.05).
In particular, the cortisol Pre values had a significant
independent effect on RR variance (t ¼ 2.83, p ¼ 0.01),
as well as on the variance of r-MSSD during Test2 (t ¼ 2.54,
po0.05).

12
DHEA (µg/dl)

3.4.1. Hierarchical multiple regression analysis
3.4.1.1. Prediction of cardiac response to stress interview
(Test1). The baseline hormonal levels predicted the variance of RR during Test1 (RR: F ¼ 3.64, DR2 ¼ 0.17,
po0.05). In particular, the pre-stress cortisol concentration
had a significant independent effect on RR (RR: t ¼ 2.63,
po0.05). The variance of r-MSSD during Test1 was not
predicted by any other variable.

10
8
6
4
2
0
Pre

4g Post
D4

Pre

14g Post
D14

Figure 1 Plasma cortisol and DHEA concentrations (mean7
SEM, mg/dl) before (Pre) and after (Post) the stress phase, in
women belonging to group D4 (4 days after the beginning of the
menstrual cycle) and group D14 (14 days after the beginning of
the cycle).*po0.05, **po0.01.

in both groups of women. Two-way ANOVA on Pre and Post
cortisol concentrations revealed a significant effect of
‘‘time’’ (F ¼ 10.4, po0.01). The stress phase produced
robust increases in cortisol levels in both groups (D4:
t ¼ 2.03, po0.05; D14: t ¼ 2.65, po0.01), but no
differences between groups could be detected, for neither
Pre nor Post and Delta values. Two-way ANOVA applied to
plasma DHEA levels revealed a significant effect of time
(F ¼ 5.9, po0.05), indicating that plasma concentrations of
this hormone increased due to stress exposure, although
within-group increase in DHEA concentration did not reach
statistical significance, in neither D4 nor D14 women. As for
cortisol, Pre, Post and Delta values for D4 women were not
statistically different from D14 corresponding values.

3.3. Ethological data
No significant differences between groups were found in the
expression of non-verbal behavior, for any of the categories
considered (Table 2). In other words, behavioral responses

3.4.1.3. Prediction of cardiac activity during the recovery
phase (Rec). The pre-stress hormonal variables, as well as
the non-verbal behavior during the stress interview predicted the variance of RR during the recovery phase
(F ¼ 3.77, DR2 ¼ 0.13, po0.05; F ¼ 2.42, DR2 ¼ 0.47,
po0.05). In particular, pre-stress cortisol levels had an
independent effect on RR (t ¼ 2.70, po0.05). The block of
behavioral categories predicted the variance of r-MSSD in
the recovery phase (F ¼ 3.72, DR2 ¼ 0.57, po0.01); in
particular, displacement had an independent effect
(t ¼ 2.62, po0.05).
3.4.2. Pearson’s correlation analysis
3.4.2.1. Correlations
between
endocrine
parameters. There was a positive correlation between DHEA and
cortisol levels, both before and after the stressor (R ¼ 0.52,
po0.01; R ¼ 0.51, po0.01). Similarly, the Delta values of
the two hormones (Post and Pre) were positively correlated
too (R ¼ 0.54, po0.01), i.e. the subjects with substantial
increments in plasma cortisol also showed marked increments in DHEA.
3.4.2.2. Correlations between cardiac and endocrine parameters. The pre-stress cortisol levels were negatively
correlated with the heart rate parameters (RR and r-MSSD)
in all the recording periods (Bas, Test1, Test2, and Rec)
(Table 3). Overall, these correlations indicate that subjects
with higher pre-stress plasma cortisol levels were prone to
greater heart rate acceleration and stronger vagal suppression not only in baseline conditions, but also during the
stress and recovery phases. On the contrary, pre-stress,
post-stress, and Delta values of DHEA did not correlate with
cardiac parameters, neither in baseline conditions nor
during and after the stress phase.
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Table 2 Values of behavioural categories (%, mean7SEM) exhibited during stress interview by women belonging to group D4
(4 days after the beginning of the menstrual cycle) and group D14 (14 days after the beginning of the cycle).
Behavioral category

D4 (n ¼ 18)

D14 (n ¼ 18)

Eye contact
Flight
Submission
Affiliation
Gesture
Displacement
Assertion
Relaxation

98.171.2
150.077.6
60.076.0
140.0712.2
43.975.5
106.4714.0
71.1712.0
44.276.6

97.870.8
144.478.6
59.278.1
150.879.6
51.974.6
123.1715.2
89.2714.3
43.375.3

Student’s ‘‘t’’ test—t and p values for each behavioral category—eye contact: t ¼ 0.19, p ¼ 0.85; flight: t ¼ 0.49, p ¼ 0.63;
submission: t ¼ 0.08, p ¼ 0.94; affiliation: t ¼ 0.70, p ¼ 0.49; gesture: t ¼ 1.13, p ¼ 0.27; displacement: t ¼ 0.81, p ¼ 0.43;
assertion: t ¼ 0.97, p ¼ 0.34; relaxation: t ¼ 0.09, p ¼ 0.92.

Table 3 Pearson’s correlation coefficients and corresponding p values between plasma cortisol levels (mg/dl)
in baseline conditions and heart rate (HR) parameters (RR
and r-MSSD, ms) in the different recording periods.
Period

HR Parameter

R

p

Bas

RR
r-MSSD

0.42
0.34

0.012
0.043

Test1

RR
r-MSSD

0.35
0.31

0.037
0.068

Test2

RR
r-MSSD

0.38
0.43

0.026
0.011

Rec

RR
r-MSSD

0.44
0.38

0.008
0.025

Bas, baseline; Test1, stress interview; Test2, mental task;
Rec, recovery; RR, average R–R interval; r-MSSD, root mean
square of successive R–R differences.

3.4.2.3. Correlations between cardiac and behavioral parameters. The RR mean values during Test1 correlated
negatively with submission (R ¼ 0.34, po0.05), and so
did the values of r-MSSD (R ¼ 0.44, po0.01). In other
words, women showing high scores of submission were
characterized by low values of RR and r-MSSD, i.e. the more
submissive subjects showed a higher heart rate and larger
vagal suppression during the stress interview (Fig. 2).
Similarly, the values of RR and r-MSSD during Rec correlated
negatively with the submission scores (R ¼ 0.34, po0.05;
R ¼ 0.56, po0.01), i.e. the higher the level of submission
during the interview, the greater the heart rate acceleration
as well as the degree of vagal withdrawal during post-stress
recovery phase (Fig. 2).
Significant correlations with heart rate and vagal activity
also involved displacement behavior. In particular, the
values of RR and r-MSSD during Rec correlated positively
with the displacement scores (R ¼ 0.41, po0.05; R ¼ 0.51,
po0.01). In other terms, the subjects exhibiting a higher
degree of displacement during the interview were also

characterized by lower heart rate increments and less
pronounced vagal suppression during the post-stress
recovery (Fig. 3).

4. Discussion
The present study examined short-term cardiac and adrenocortical responses to a laboratory stressor consisting in
two brief, consecutive challenges, namely a stress interview
and a mental task. The first objective was to shed additional
light on the influence of spontaneous sex steroid fluctuations
due to menstrual cycling on autonomic and neuroendocrine
stress activations, with particular emphasis on the role of
estrogens. For this purpose, we studied young women with
regular menstrual cycle length (26–30 days) and we focussed
on two specific time points, namely days 4 and 14 after
menses initiation. Indeed, early follicular and ovulatory
phases differ markedly as regards the circulating levels of
estradiol, with low concentrations in the former and a peak
shortly before or during the latter (Carr and Wilson, 1987).
As expected, the group of women tested during (or very
close to) the ovulatory phase had much higher (about fourfold) concentrations of estradiol than women screened at
the beginning of the follicular phase. Despite this clear
hormonal difference, no sign of differentiation was observed
in terms of autonomic/neuroendocrine activity and stress
reactivity. Apart from slight differences in cardiac sympathovagal balance at rest (women in the ovulatory phase
had somewhat lower baseline values of RR and r-MSSD),
higher estradiol concentrations did not involve differences
in cardiac autonomic and adrenocortical response to the
stressors. In other words, heart rate, vagal tone, and
cortisol and DHEA concentrations were fully similar in D4
and D14 women before, during, and after the exposure to
psychosocial and mental challenges.
So far, human studies have provided inconsistent results
with respect to cardiac autonomic and adrenocortical stress
reactivity across the menstrual cycle. This inconsistency is
likely due to differences in the laboratory challenge choice
and cycle phases considered (Kajantie and Phillips, 2006).
There is evidence suggesting that estrogens may be
protecting women from heart disease via modulation of
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Figure 2 Correlations (Pearson’s correlation coefficient) between the score of submissive behavior exhibited during psychosocial
challenge and the values of RR and r-MSSD during stress interview (panel A) and recovery (panel B).
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Figure 3 Correlations (Pearson’s correlation coefficient) between the score of displacement exhibited during stress interview and
the values of RR and r-MSSD during recovery.

cardiovascular physiology. During the luteal phase, higher
levels of estradiol were shown to be associated with lower
levels of cardiac output responses to combined video game

and speech tasks, and lower levels of heart rate and systolic
blood pressure responses to cold pressor test (Sita and
Miller, 1996). Tersman and colleagues documented a
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significant phase-related difference in heart rate and blood
pressure reactivity, with women in the luteal phase reacting
significantly more than those in the follicular phase to a cold
pressor but not to a mental arithmetic test (Tersman et al.,
1991). However, a carefully conducted study on women each
studied in the menstrual, follicular, and luteal phases, with
speech, arithmetic, and isometric exercise tasks as stressors, failed to show any relationship between menstrual
phase and cardiovascular response or urinary or plasma
catecholamines (Stoney et al., 1990).
Data regarding HPA axis response to acute challenges in
relation to menstrual cycle phases are also rather inconsistent. Thirty years ago, Marinari et al. (1976) found that
subjects tested premenstrually responded to the psychological test of self-evaluation with a significantly sharper
increase in plasma cortisol levels than those tested in the
midcycle phase. On the other hand, Abplanalp et al. (1977)
found that cortisol response to a stress interview challenge
was not related to the menstrual cycle phase. More recent
studies, however, indicated that the luteal phase is
associated with greater adrenocortical response and sensitivity (Kudielka and Kirschbaum, 2005; Kajantie and Phillips,
2006).
Given that the present paper compared two menstrual
cycle phases largely differing for estradiol levels only and
not for progesterone, and given that no differences in
adrenocortical and cardiac autonomic activity and stress
reactivity were found, an obvious inference is that, among
female sexual steroids, progestins could have a significant
role in modulating cardiovascular and HPA axis responses to
stressors. Indeed, acute treatment with progesterone
decreases arterial pressure, baroreflex mediated responses
and corticosteroid feedback effects on ACTH (Keller-Wood,
1998). In addition, dexamethasone suppression of plasma
cortisol levels has been shown to be reduced during the
luteal phase of the menstrual cycle, when progesterone
levels are high (Altemus et al., 1997). Moreover, progesterone has also been reported to exert rapid, non-genomic
inhibiting actions on catecholamine secretion from chromaffin cells, thus potentially contributing to the short-term
regulation (buffering) of cardiac stress response (Zinder and
Dar, 1999). These are obviously rather indirect explanations
of the role of progestins on autonomic/neuroendocrine
stress response, and additional studies with targeted
hormonal manipulations are expected to provide more
conclusive evidence.
The behavioral response during the stress interview also
failed to be influenced by the levels of circulating estrogens.
The women tested at the ovulatory phase exhibited an
ethological profile that was fully similar to that found in
women at the early follicular stage. This consistency
between different system responses—i.e. the lack of
differences between D4 and D14 women regarding endocrine, autonomic, and behavioral stress responses—allowed
us to study the sample as a unique group and to explore the
role of the style of behavioral coping with a psychosocial
challenge on cardiac autonomic stress responsivity. Our data
confirm the accepted view that the individual behavioral
strategy of coping with a stressor plays an important
modulating role in cardiovascular reactivity (Lerner et al.,
2005). In the present study, the behavioral response to a
social challenge (stress interview in the presence of a small
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audience) was assessed via a detailed analysis of non-verbal
behavior (Troisi, 1999). The amount of submissive behavior
exhibited during the stress interview was clearly associated
with cardiac sympathovagal balance in baseline conditions,
during the psychosocial challenge, during the mental task,
and in the post-stress recovery period. As an earlier study
from our group pointed out (Sgoifo et al., 2003), the
subjects that more frequently showed submissive behavioral
patterns also exhibited higher heart rate (low RR values) in
baseline, stress and post-stress phases. Coherently, vagal
withdrawal (low values of r-MSSD) was larger in more
submissive subjects, again in all recording periods. In other
terms, individuals prone to adopt a submissive strategy
when coping with a social stressor were characterized by a
larger sympathetic prevalence at the heart level, which
might render them more vulnerable to cardiovascular
morbidity in the long term.
This experimental evidence supports previous studies
linking chronically impaired autonomic function, social
position, and cardiovascular disease risk (Hemingway
et al., 2005). In fact, among healthy humans subjected to
acute laboratory stressors, those with low social position
demonstrated impaired recovery of heart rate variability
(Steptoe and Marmot, 2002). These indications have clear
clinical relevance, given that high heart rate and low heart
rate variability were shown to predict the incidence of
coronary disease (Bigger et al., 1993). Interesting data on
the relationship between female social attitude and
cardiovascular function were obtained in animal models
too. For instance, premenopausal social subordination in
female monkeys was shown to be a good predictor of
postmenopausal atherosclerosis, irrespective of postmenopausal treatment (Kaplan et al., 2002). In the study quoted,
such an effect was attributed to estrogen deficiency in the
premenopausal phase due to the chronic subordination
state, and was prevented by premenopausal oral contraceptive exposure.
Results of ethological analysis also indicated that some
behavioral patterns exhibited during the stress interview
and grouped together in the category ‘‘displacement’’ were
associated with a faster re-establishment of resting cardiovascular physiology. According to Troisi, this behavioral
category, largely described in animal models, gathers nonverbal behavioral patterns that appear in situations characterized by social tension and are likely to reflect increased
autonomic arousal (Troisi, 2002). Indeed, ethological studies
of healthy persons and psychiatric patients during interviews
have found that increased displacement behavior does not
only correlate with the subjective feeling of a state of
anxiety and negative affect, but it also provides more
veridical information about the subject’s emotional state
than verbal statements and facial expressions (Troisi, 2002).
In the literature on human non-verbal communication,
displacement activities have been referred to with many
labels, including synkinetic movements, self-manipulations,
body-focused movements, self-adaptors, and body manipulators. There is a large body of evidence (reviewed in
Troisi, 2002) showing that, both in non-human primates and
human subjects, the occurrence of these behaviors is
associated with social situations that are quite heterogeneous but which have uncertainty and anxiety in common. In
addition, displacement activities in human beings correlate
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with an emotional condition of negative affect (i.e. anxiety
and/or depression). According to Troisi, rather than being
just a behavioral epiphenomenon of the psychological and
physiological changes associated with stress, displacement
activities are likely to be behavioral components of the
adaptive stress response, probably causing anxiolytic
effects.
Animal data support such a hypothesis. In non-primate
species, behavioral ‘‘stereotypes’’ attenuate physiological
measures of stress (Dantzer and Mormede, 1985; Dantzer,
1986), and stimulate endorphin production (Cronin et al.,
1986) in pigs. Displacement chewing and gnawing reduce the
stress-related activation of the hypothalamo–pituitary–
adrenal axis in mice exposed to a novel environment
(Hennessy and Foy, 1987), and in rats exposed to electric
shock (Levine et al., 1989). In rats and mice exposed to a
brightly lit novel environment, the animals that engaged in
displacement chewing of inedible objects displayed significantly lower activation of the prefrontal cortical (PFC)
dopaminergic system, which is generally observed in
stressful situations (Berridge et al., 1999). Since the
attenuation of the stressor-induced increase in dopaminergic transmission within PFC is similar to that observed
following administration of anxiolytics and opposite to that
observed following administration of anxiogenics, Berridge
et al. (1999) have suggested that displacement chewing may
serve an anxiolytic function. In a prosimian species, the
animals that performed more displacement activities (foot
and chest rubbing) in a novel environment also exhibited
lower cortisol responses to restraint stress (Watson et al.,
1999).
In the present study, displacement scores during the
psychosocial challenge were not associated with cardiac
reactivity during the interview or mental task, rather they
were significantly correlated with values of cardiac parameters measured just after the stress episode: women
exhibiting higher displacement scores had lower heart rate
and higher parasympathetic tone during recovery. This
behavioral-autonomic association confirms the view on the
dearousing properties of displacement behaviors (Spruijt
et al., 1992) and suggests that they likely represent a
successful strategy for promoting prompter return to baseline, homeostatic conditions.
Plasma cortisol and DHEA levels were positively correlated both before and after the stressors. This relationship
can be interpreted in the light of the antiglucocorticoid
properties of DHEA in several tissues, e.g. its capacity to
antagonize glucocorticoid negative feedback at the brain
and pituitary level, thereby facilitating CRF and/or ACTH
and cortisol release (Rasmusson et al., 2004). Indeed, ACTH
responses to psychological stress have been shown to
increase after DHEA treatment in postmenopausal women
(Kudielka et al., 1998). Moreover, there is evidence that
DHEA-S level is increased by acute stressors and that DHEAS/cortisol ratio may index the degree to which an individual
is buffered against the negative effects of stress (Morgan
et al., 2004).
Another interesting indication coming from this study is
concerned with the robust correlation between baseline HPA
axis activity (plasma cortisol levels) and cardiac autonomic
activity and stress responsivity. Subjects with higher plasma
cortisol concentrations at rest exhibited higher heart rate
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and lower vagal activity before, during, and after the
challenge. This result is in accordance with a study by Larson
et al. (2001) where a similar laboratory challenge (public
speaking task) was used in adult men and women. The
authors showed that heart rate reactivity was positively
correlated with baseline levels of circulating cortisol (Larson
et al., 2001). These and our data suggest that short-term
cardiovascular stress responses may be directly related to
longer-term neuroendocrine modulation and that the degree
of resting HPA axis activity can be highly predictive of
cardiac autonomic stress reactivity at the individual level.
Indeed, as suggested by Sapolsky, glucocorticoids seem to
help mediate permissively, rather than suppress, the
cardiovascular stress response, over the entire glucocorticoid dose range (Sapolsky et al., 2000).
The delayed recovery of cardiovascular function in
subjects with higher baseline cortisol concentrations deserves an additional comment. In fact, this finding is
intriguing as it points to the idea that a sluggish return to
basal state might be a risk factor for cardiovascular
morbidity (Linden et al., 1997) and that chronic elevations
in HPA outflow represent a mechanism through which
prolonged stress exerts its pathogenic effects on the
cardiovascular system (Watt et al., 1992; Litchfield et al.,
1998; Goldstein and McEwen, 2002). Returning to the role of
the behavioral style of coping, it is worth underlining that
such delayed recovery of cardiac autonomic balance was
associated with the degree of submission exhibited and that
the adoption of dearousing behavioral patterns favored
prompter resumption of baseline activity.
In conclusion, the results of this study are in line with the
reports that did not support a clear buffering role of
estrogens in cardiovascular response to acute psychosocial
stressors. Rather, they indirectly suggest that progestins
might be crucial in female reduced cardiac reactivity to
laboratory tasks. On the other hand, our data confirm that
HPA axis activity (baseline plasma cortisol levels) can be
highly predictive of cardiac autonomic activity and stress
responsivity. Finally, the analysis of non-verbal behavior
highlighted the modulating role of the individual style of
behavioral coping on cardiac sympathovagal stress reactivity. In particular, submission appears to bring about higher
cardiac acceleration and vagal withdrawal, whereas displacement seems to favor a prompter recovery of baseline
sympathovagal balance. On this regard, the objective
assessment of individual behavioral coping style via the
ethological analysis of non-verbal behavior might represent
a powerful tool for identifying subjects with higher proneness to cardiac events, and cognitive-behavioral stress
management could be successfully used for prevention and
therapy of detrimental stress effects (Hammerfald et al.,
2006).
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