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Titulo: Respuesta auténoma, hormonal y subjetiva a una vetsiéon modifi-
cada del TSST: un estudio piloto.

Resumen: El objetivo de esta investigacién fue estudiar las respuestas
hormonales, autonémicas y afectivas a una version modificada de un estre-
sor de laboratorio ampliamente utilizado, el denominado Trier Social Stress
Test (ISST), en una muestra de treinta y ocho jévenes universitarios (11
hombres y 27 mujeres, 11 en la fase litea y 16 mujeres en la fase folicular
del ciclo menstrual). La frecuencia cardiaca y la actividad electrodérmica se
registraron durante toda la sesion experimental, la respuesta hormonal se
evalué por medio de las concentraciones de cortisol en saliva y la ansiedad-
estado se evalu antes y después de la tarea. La fase de discurso del TSST
provocé la frecuencia cardiaca mas elevada y la mayor frecuencia de res-
puestas inespecificas, mostrando diferencias significativas con las fases de
habituacién y recuperacién. Sin embargo, la respuesta de cortisol y la res-
puesta afectiva al estrés no fueron significativas. Los hombres mostraron
mayor frecuencia de respuestas inespecificas y mayor nivel de conductancia
de la piel que ambos grupos de mujeres y mayor nivel de cortisol pero sélo
en comparacién con las mujeres en la fase latea. Nuestros resultados pro-
porcionan evidencia de que esta version modificada del TSST provocé un
patrén diferente de respuestas psicofisioldgicas, incluyendo una falta de
respuesta de cortisol al estrés.

Palabras clave: Estrés. Cortisol. Diferencias de sexo. Actividad Autoné-
mica. Ansiedad.

Abstract: The aim of this research was to study autonomic, hormonal, and
subjective responses to a modified version of an extensively employed la-
boratory stressor, the Trier Social Stress Test (TSST), in a sample of 38
young university students (11 men and 27 women, 11 in the luteal phase
and 16 in the follicular phase of the menstrual cycle). Heart rate and Elec-
trodermal Activity were recorded during the entire experimental session.
The hormonal response was evaluated by means of salivary cortisol levels,
and state anxiety was assessed before and after the task. The speech phase
of the TSST elicited the highest heart rate and frequency of non-specific
responses, showing significant differences compared to the habituation
and recovery phases. However, the cortisol and subjective responses to
stress were not statistically significant. Men showed higher frequency of
non-specific responses and greater skin conductance levels than both
groups of women, as well as higher cortisol concentrations, but only in
comparison with women in the luteal phase. Our results provide evidence
that this modified version of the TSST elicits a different pattern of psy-
chophysiological responses, including a lack of cortisol response to stress.

Keywords: Stress. Cortisol. Sex Differences. Autonomic Activity. Anxiety.

Introduction

A large part of the stress research in humans has focused on
the effects of psychosocial stress on the neuroendocrine re-
sponse, which has been related to important consequences
in psychopathology and physical illness. In many experi-
mental studies, stress has been induced by exposing the par-
ticipants to aversive sensory stimuli or psychological experi-
ences, including demanding cognitive tasks and social evalua-
tion. Particularly, in relation to psychosocial stress, many
studies have tried to employ laboratory situations that are
similar to real life stressors (Moya & Salvador, 2001). Public-
speaking tasks have been shown to be a potent social stress-
or with a strong impact on endocrine and cardiovascular re-
sponses (Dickerson et al., 2004). Among these protocols, the
Trier Social Stress Test (TSST) has been widely used in psy-
chobiological stress research because it has been found to
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evoke robust endocrine and cardiovascular responses in the
majority of the participants (Kirschbaum et al., 1993).

The TSST mainly consists of a short mock job interview
and a mental arithmetic task in front of an audience of two
or three people. Thus, it includes the two main factors for
robust hypothalamic-pituitary-adrenal (HPA) axis activation:
social evaluative-threat and uncontrollability. As long as the
protocol comprises both tasks in front of evaluative judges,
most participants respond with a significant increase in free
salivary cortisol, resulting in an overall average two-fold in-
crease over baseline (Dickerson and Kemeny, 2004). Salivary
cortisol, the main product of the HPA axis, is one of the
most useful markers of the stress response to the TSST (Al-
len et al., 2017). Furthermore, the TSST increases anxiety
(Rimmele et al., 2009) and worsens negative mood (Yim et
al., 2010).

Although the TSST is a highly controlled procedure, and
committee members are usually well-trained prior to an ex-
periment, some nuances in the interactions between a specif-
ic participant and committee member cannot be completely
controlled and may introduce some variability into the data.
In addition, depending on the requirements of a particular
study, different adaptations are made that can help to over-
come some of the limitations.

Thus, innovative adaptations of the original TSST have
been made that have relative advantages. Some different
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TSST versions have been employed, some of which have al-
so been validated. For instance, the TSST for groups (TSST-
G), which increases the number of study participants, has
been shown to produce a significant HPA axis and auto-
nomic nervous system (ANS) response (Allen et al., 2014;
Boesch et al., 2014; von Dawans et al., 2011). The heart rate
increases throughout the TSST-G and returns to the pre-
stress level a few minutes after the stressor ceases (Childs et
al., 2000), replicating the underlying adrenaline increases af-
ter the original TSST (Gold et al., 2004). Moreover, a virtual
reality version of the TSST (TSST-VR) has been designed
(Kotlyar et al., 2008) that removes any vatiability due to in-
teractions between participants and committee members. All
these adaptations and variations have been made in the con-
text of the TSST’s application. So far, to our knowledge, no
one has modified the participants’ exposure conditions. We
wonder whether changing the participants’ exposure situa-
tion will influence their response to stress.

Because TSST protocol modifications may influence
stress responses by changing the perception of stressfulness,
the aim of this study was to measure the hormonal, auto-
nomic, and affective responses to a modified version of the
TSST stressor where participants were seated while perform-
ing the TSST instead of standing, the arithmetic task was
shortened from 5 to 3 min, and there was only one person
on the jury. Due to the relative lack of knowledge and con-
sistency regarding the importance of sex/gender and the
menstrual cycle phase in autonomic nervous system (ANS)
markers of the stress response, the current study also aimed
to analyze how sex and the menstrual cycle phase affect the
ANS response to stress. To address these aims, we analyzed
the heart rate (HR) and electrodermal activity (EDA) as indi-
cators of ANS activity and the salivary cortisol response. In
addition, because personality traits, specifically trait anxiety,
can play an important role in the psychophysiological stress
response (Chida & Hamer, 2008), in order to control indi-
vidual differences, a measure of trait and state anxiety was
included. Based on previous literature, we expected hormo-
nal and sympathetic activation in response to the TSST,
measured through HR, EDA, and cortisol. In relation to the
importance of sex differences and the menstrual cycle phase
in the response to stress, we aimed to explore the profiles of
stress responses in women in different phases of the men-
strual cycle, compared to men.

Method

Participants

Thirty-eight young university students (11 men and 27
women) from 18 to 25 years old (M = 19.21; SD = 1.80)
participated in this study. All of them gave their written in-
formed consent to participate in the study. The participants
were selected by a General Health Questionnaire that in-
cluded the menstrual history and recent changes in menstru-
ation in the sample of women. All were volunteers, unmar-

ried, and had no physical or psychological problems. The
women were nulliparous, reported having had regular men-
strual cycles during the last three menstruations (23-35 days),
and had no history of gynaecological disorders. None of the
women had taken oral contraceptives or medication that af-
fected their neuroendocrine system. Participants were not in-
formed about the task to be performed until the experi-
mental session began. Each of them participated in a single
experimental session that lasted approximately 50-60 min.

Determination of the phases of the menstrual cycle

The women were distributed into two groups, depending
on the menstrual cycle phase (16 follicular and 11 luteal).
Two different estimation procedures were employed to de-
termine the hormonal phase of each woman. First, all the
cycles were converted to a standard 28-day cycle (Rossi and
Rossi, 1980). The day of the onset of the last menstruation
and the real length of the studied cycle were taken as points
of reference. Based on the results of this procedure, the
women were invited to attend the experimental sessions.
Second, during two complete menstrual cycles, the sublin-
gual Basal Body Temperature (BBT) of each woman was
recorded daily on a graph for 5 min before getting up to es-
timate the ovulation point. The ovulation point is identified
as the day before the temperature rises. To analyze the BBT,
the “smoothed curve” (SMC) method was used, as described
by McCarthy and Rockette (1983, 19806).

Along with the instructions to participate in the study,
the selected women received an oral thermometer and a
temperature graph. The women were trained in the graphic
registration of their basal body temperature (TBC), and they
were told what day and time they should visit the laboratory.
Each woman went to the laboratory twice, once correspond-
ing to the selected phase of the menstrual cycle and a second
time to confirm the evaluated menstrual cycle phase.

Apparatus

The PowerLab /8SP data acquisition system, with a volt-
age range of * 10 V, controlled by an internal microproces-
sor 68340 of 32 bits at 16 MHz and a maximum sample rate
of 20 KHz on eight channels, was employed for the acquisi-
tion, amplification, and filtering of the EDA and HR signals.
This system converted analogical signals to digital by means
of a 16-bit A/D converter. The recording unit was connect-
ed to a PC through a USB port (500 KB/s, maximum data
transfer rate). The control of the acquisition system, the pa-
rameter registration, and the data storage was carried out by
Chart v5.0 for Windows of AD Instrument, which analysed
the response quantification. All the psychophysiological sig-
nals were sampled continuously at 1000 Hz throughout the
experimental session.

A Technics RS-B40 tape-recorder was used to record
and deliver the instructions. Cardiac activity was recorded by
the software Chart v5.0 for Windows of AD Instruments
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through an electrocardiogram (EKG), providing a pondered
mean of Heart Rate (HR), beat to beat.

Electrodermal activity (EDA) was recorded by a constant
voltage of .5 V through bipolar placement of 7-mm
Ag/AgCl standard sutface electrodes, attached by adhesive
collars to the thenar and hypothenar eminences of the non-
dominant hand. Electrodes were filled with .068-M NaCl
Unibase electrode paste (Fowles et al., 1981), which was used
as the contact medium. The raw signal was acquired with a
Biosig-CP1 module (Cibertec, Madrid, Spain) and calibrated
to detect activity in the 0-100 pSiemens (uS). This module
provided a double output in order to obtain the skin con-
ductance levels (SCL) and the frequency of non-specific skin
conductance responses (NS-SCRs, with AC coupling) in two
separate channels.

Measures
Autonomic measures

Heart Rate (HR) and Electrodermal Activity (EDA) were
measured continuously. In the EDA, the frequency of non-
specific skin conductance responses (NS-SCRs) and skin
conductance levels (SCL) were registered. HR in beats per
minute was extrapolated from EKG data by Acqknowledge
software. NS-SCRs were obtained with two Ag/AgCl elec-
trodes (TSD103A) with a contact area of 6 mm in diameter
located on the middle phalanxes of the fore and index fin-
gers of the non-dominant hand by means of adhesive collars.
Hypoallergenic gel (G100) was used as the contact medium
between skin and electrode. A skin conductance module
(GSR100A) amplified the electrical signal through a circuit
of constant voltage (5 V).

Salivary cortisol

Four saliva samples were collected for the assessment of
free salivary cortisol: five min before the onset of the exper-
imental task (t-5), immediately before the preparation phase
(t0), after the recuperation period (t+21), and 20 minutes af-
ter the cessation of the laboratory stressor (t+41). Partici-
pants received instructions for collecting the salivary sample
at the beginning of the study. Saliva was collected using
Salivettes (Sarstedt, Rommeelsdorf, Germany) that were fro-
zen at -80°C until determination. All the samples of each
participant were analysed in duplicate in the same assay.
Hormonal determinations were made by RIA (radioim-
munoassay) in the Research Support Service (RSS) at the
University of Murcia. Salivary cortisol was determined by a
commercial kit adapted to salivary levels, as recommended in
the protocol (Orion Diagnostic, Espoo, Finland). Cortisol
levels were expressed in nanomoles per liter.
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Subjective measnres

The State-Trait Anxiety Inventory (STAI) (Spielberger
Gorsuch and Lushene, 1970) was employed to measure anx-
iety. It is a 40-item self-report scale that measures two types
of anxiety dimensions: state anxiety (20 items), a temporal
anxiety or a feeling of tension, apprehension, nervousness,
and activation (arousal) of the ANS related to an event; and
trait anxiety (20 items), a relatively stable individual differ-
ence in anxiety proneness. Each item presented a descrip-
tion, and respondents were asked to indicate the extent to
which each item described them on a 4-point scale.

All participants completed the STAI-S (state anxiety) be-
fore and after the task, and the STAI-T (trait anxiety) only
before the task. The Spanish version of the scale had a
Cronbach's alpha ranging from .90 to .93 (Seisdedos, 1988).

Stress task

The TSST (Kirschbaum et al, 1993) was employed as a
psychosocial stressor, but with some variations. To register
the autonomic activity, we employed a version that consists
of a preparation phase (3 min), followed by free speech
(5min) and a mental arithmetic task (3 min) in front of a fe-
male or male evaluator (counterbalanced) who was a univer-
sity teacher not familiar to the students. The entire task pro-
cedure takes about 11-12 min. The variations compared to
the original version were that the participant, instead of
standing in front of the evaluator, was seated, and instead of
two evaluators, there was only one. In addition, the prepara-
tion phase was reduced from 10 min to 3 minutes, and the
arithmetic task was also shortened from 5 to 3 minutes.

Procedure

Upon arrival to the laboratory, participants were placed
in a first room (room A) where they filled in the anxiety in-
ventory (STAI-S and T) and supplied the first saliva sample.
After washing their hands with soap and water, participants
were seated in a comfortable armchair in an adjacent room
(room B), located inside a soundproofed experimental booth
(3.06 x 2.02 x 2.36 m). At all times, the participants could
communicate with the experimenter through a system of in-
tercoms connected to the exterior of the booth. This booth
was maintained at a temperature of 21.77 (£ 2° C.) and hu-
midity of 64.98% (£ 2 %.). The light was kept constant dur-
ing the entire experimental session. After being seated in the
armchair and having the electrodes placed on them, partici-
pants were given the instructions for the experimental ses-
sion, which had previously been recorded by a feminine
voice.

Each experimental session lasted about 50 minutes and
consisted of the following periods: the habituation phase,
which was used as baseline (5 min), where the participant
completed the pre-task STAI. Next, each participant was di-
rected to room B and received brief instructions about the



Autonomic, hormonal, and subjective responses to a modified version of the TSST: a pilot study

task to be performed (“You have 3 min to prepare a 5 min
speech to convince the evaluator, who will be in front of
you, that you are ready to work as a psychologist. Your
speech will be evaluated by a professor”). During this prepa-
ration phase (3 min), each participant provided the second
salivary sample and thought about the speech. Then, the
evaluator went into the experimental room (B), sat in front
of the participant, and told him/her to start (speech task, 5
min). The evaluator took notes during the speeches, but
without speaking or making any facial expressions. After the
arithmetic task (3 min), this phase was the same as in the
original version, but shorter (3 min vs 5 min). Afterwards,
the evaluator left the room, and the participants stayed an-
other 10 min without any stimulation (recovery phase). Fi-
nally, the participant completed the post-task STAI After
these 10 min, the third saliva sample was obtained. During
the entire experimental session, autonomic activity was con-
tinuously recorded. After the experimental session was over,
the participants returned to room A, where they spent 20
minutes completing other psychological tests (not included
in this paper) and provided the last salivary sample. The ex-
perimenter was always female. The session took place in the
Laboratory of Psychophysiology at the University of Murcia
from Monday to Friday between 9 and 14 hours. The se-
quence is presented schematically in Figure 1.

Figure 1

Timeline of the experimental session. Sequential SAA sampling (from T-5 to
T+41). State anxiety inventory form S (STAI-S) and Trait anxiety form
(STAI-T), which were applied during the babitnation phase.
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Statistical analyses

Cortisol levels and autonomic measures were tested for
normal distribution and homogeneity of variance using the
Kolmogorov—Smirnov test. These analyses did not reveal
significant deviations from normality. Therefore, all subse-
quent analyses and the values represented in the figures are
absolute values.

Autonomic measures were analysed using analysis of var-
iance (ANOVAs) for repeated measures (5x3), with “Time”
(Habituation, preparation, speech, arithmetic task, and Re-
covety) as the within-subjects factor and “Group” (/luteal/
follicular /men) as the between-subjects factor.

Cortisol measures were analysed using analysis of vari-
ance (ANOVAs) for repeated measures (4x3), with “Time”
(t-5, t0, t+21, t+41) as the within-subjects factor and
“Group” (/luteal/ follicular /men) as the between-subjects
factor.

State-anxiety (pre-/post-task) was analysed using analysis
of variance (ANOVAs) for repeated measures (2x3), with
“Time” (pre vs post-task) as the within-subjects factor and
“Group” as the between-subjects factor. Trait-anxiety (only
pre-task) was analysed using one-factor ANOVAs, with
“Group” as the between-subjects factor.

All statistical analyses were performed with SPSS v21.0
for Windows, and the alpha level for all comparisons was set
at p < .05.

Results

Demographic and anthropometric variables

The main demographic and anthropometric characteris-
tics of the groups are shown in Table 1. No significant dif-

ferences were found between groups on Age, BMI, or scores
on the STAI-T.

One-way ANOV'A for descriptive characteristics of age, body mass indexc (BMI), and score on the trait anxiety scale (STAI-T). The values represent means and standard error of the

mean (S.E.M.) in parentheses for the total sample.

n=238 Groups Mean S.E.M Ranges ANOVA
Luteal 19.18 48 18-23

AGE (years) Follicular 19.06 42 18-23 F(2,37) =.14; p= .86
Men 19.45 .67 18-25
Luteal 21.65 .92 18.65-29.67

BMI (kg/m?) Follicular 21.23 .86 16.14-29.85 F2,37) =283, p=.07
Men 24.15 93 19.33-30.39

STALT Lute'al 18.00 242 7.00-31.00

(Direct scores) Follicular 21.87 2.64 9.00-55.00 F2,37)=.74; p= .48
Men 18.27 2.59 7.00-33.00
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Electrophysiological measures

The ANOVAs showed significant effects of the “Time”
factor for HR [F (4, 140) = 15.54, p < .001; %, = .30], for
NS-SCR [F (4, 140) = 50.51, p < .001; %, = .59] and SCL [F
(4, 140) = 64.86, p = .001; n% = .65]. In relation to the
“Group” factor, significant effects were found for NS-SCR
[F (2, 35) = 5.50, p = .008; n% = .23] and SCL [I (2, 35) =
5.729, p = .007; n% = .24]. No significant effects of the
“Time x Group” interaction were found.

Post-hoc analyses showed the highest HR, the highest
number of NS-SCRs during the speech phase, and the high-

Table 2
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est level of conductance on the arithmetic task, with both
phases showing significant differences compared to the ha-
bituation and recovery phases (for all p < .05). In addition,
men showed a higher frequency of NS-SCR and greater SCL
than the two groups of women, whereas non-significant dif-
ferences were found between the two female groups: for
NS-SCR (Men vs Luteal, p = .04; Men vs Follicular, p = .01;
Luteal vs Follicular, p = 1.00); for SCL. (Men vs Luteal, p =
.017; Men vs Follicular, p = .014; Luteal vs Follicular p =
1.00). (See Tables 2 and 3 and Figure 2).

Means and standard error of the mean (S.E.M.) in parentheses for the significant factor “time” in non-specific skin conductance responses (NS-SCRs), skin conductance levels (SCL),

and heart rate (HR) for the total sample.

TIME HR (beats per minute) NS-SCRs (responses/min) SCL (uS)
Habituation 73.01 (1.98) 2.45 (0.38) 15.93 (0.72)
Preparation 83.42 (2.85) 5.68 (0.74) 17.97 (0.75)
Speech 84.25 (2.56) 9.56 (0.67) 19.65 (0.81)
Arithmetic Task 83.12 (3.03) 8.18 (0.56) 20.07 (0.79)
Recovery 73.21 (1.85) 3.35 (0.38) 19.51 (0.87)
Table 3
Means and standard error of the mean (S.E.M.) in parentheses for the groups on antonomic and hormonal measnres.
Groups
Luteal women Follicular women Men
HR (beats per minute) 76.91 (3.90) 82.99 (3.23) 78.30 (3.90)
NS-SCRs (responses/min) 5.03 (0.77) 4.66 (0.64) 7.84 (0.77)
SCL(uS) 16.56 (1.41) 16.91 (1.17) 22.43 (1.41)
T-5 (cortisol levels nmol/1) 13.86 (2.90) 17.12 (2.41) 21.56 (2.90)
TO (cottisol levels nmol/1) 11.86 (2.41) 14.48 (2.00) 21.52 (2.41)
T+21 (cortisol levels nmol/1) 11.99 (2.68) 16.74 (2.22) 19.34 (2.68)
T+41(cortisol levels nmol/1) 7.28 (1.88) 11.40 (1.55) 14.58 (1.88)
Figure 2
(A) Mean heart rate (HR); (B) Mean frequency of non-specific skin conductance responses (NS-SCRs); and (C) Mean skin conductance levels (SCL) in each phase of the experimental
protocol.
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Hormonal measures
Significant effects of “Time” [F (3, 105) = 9.19, p <

.001; n% = .20] and “Group” [F (2, 35) = 3.90, p =.029; n%,
= .18], but not of the “Time x Group” interaction, were
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found. Regarding the “Time” factor, post hoc analyses
showed that the T+41 sample was significantly different
from the rest of the samples, presenting the lowest levels (T-
5=20.35;"TO = 18.23; T+21 = 16.83; T+41 = 11.09) (for all
comparison, p < .001). (See Figure 3).
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Figure 3
Mean cortisol levels during the experimental session (T, in min).
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In relation to the “Group” factor, men showed higher
cortisol levels only in comparison with the women in luteal
phase (p = .025). No significant differences were found be-
tween the two groups of women (p = .51). (Luteal = 11.25;
Follicular = 14.94; Men = 19.25).

State anxiety

Results for state anxiety did not show any significant ef-
fects of the factors “Time” [F (1, 35) = 1.178, p = .285; 0%
= 0.03], “Group” [F (2, 35) = 2.343, p = .111; %, = 0.11], or
the “Time*Group” interaction [F (2, 35) = 1.088, p = .348;
7% = 0.05]. (Luteal pre = 21.63 - post = 20.00; follicular pre
= 21.93 - post = 22.93; men pre = 19.09; post = 14.72).

Discussion

The present study compared the hormonal, autonomic, and
affective responses to a modified version of the TSST in
men and women in different phases of the menstrual cycle.
The results indicated that the speech phase of the TSST was
the most efficient in eliciting enhanced autonomic responses
in the measure of electrodermal activity in compatison with
the values of the other phases. However, this effect was not
found in the heart rate, where the TSST did not produce
significant changes compared to the rest or recovery phase.
The high variability in HR both within and between partici-
pants during the laboratory challenge contributes to the fact
that it often fails to be a sensitive index of the objective
stress response (Quintana and Heathers, 2014). Therefore,
these results would partly support findings from other stud-
ies that showed marked increases in the physiological re-
sponse during the TSST (Kirschbaum et al., 1993; Nater et
al., 2005; Espin et al., 2019).

However, the TSST had a low impact on the salivary cor-
tisol response and the psychological state. Our results show
that the cortisol response to the TSST and state anxiety, con-
trary to expectations, decreased instead of increasing. One
explanation for these results is that the extent to which a
stressor triggers an elevation in cortisol is dependent on a va-
riety of factors, including novelty, uncertainty, and negative

emotions (Dickerson and Kemeny, 2004). Thus, it will be
necessary to analyse whether the modifications made in the
TSST protocol can explain these results.

In our study, the TSST protocol was modified slightly in
order to register the electrophysiological measures. The
TSST task was stress-producing because it induced increases
in the vegetative activity, but it may not have been sufficient
to provoke changes in hormonal and affective responses.
Reduced responsiveness to a stress stimulus may be the re-
sult of an inability to respond with an adequate hormone re-
lease, or it may be due to a decreased perception of the stim-
ulus. Where our results are concerned, the latter might be the
case because state anxiety following stress exposure de-
creased instead of increasing in all the participants.

Moreover, methodological factors could have influenced
the lack of HPA axis response to the TSST, for example, the
time of day or reducing the preparation period to 3 min.
However, a recent meta-analytical assessment of the effects
of protocol variations on cortisol responses to the Trier So-
cial Stress Test showed that the time of day when the TSST
is conducted does not significantly influence the overall cor-
tisol response (Goodman et al., 2017). These same authors
suggest that reducing the preparation period even to 3 min
does not negatively affect the strength of the cortisol stress
response. Unlike frequent variations in the speech prepara-
tion time, very few studies have varied the length of the ver-
bal or arithmetic components. In other words, the majority
of the studies followed the original instructions and obtained
robust results, suggesting that theoretical job interviews and
arithmetic tasks are appropriate and effective stressors.
Therefore, it seems advisable to maintain the original time of
both the speech and arithmetic tasks (Goodman et al., 2017).
This meta-analysis also assessed studies that compared the
cortisol stress response in TSST studies that used three-
member panels with those that used two-member panels.
The authors suggest that three members may be slightly
more effective. In our case, we had only one person on the
panel.

Therefore, taking into account the variations we made in
the TSST protocol, we can say that reducing the time of the
arithmetic task, using only one person as a jury, and seating
the participant comfortably in front of the evaluator could
have influenced the lack of cortisol response to the TSST
found in our participants.

Sex seems to be a fundamental factor when studying the
response to stress because a large amount of research has
been published on sex differences in autonomic nervous sys-
tem (ANS) and hypothalamic—pituitary—adrenal axis (HPA)
responses to stress, with inconsistent results. Differences
have been found between men and women on several base-
line or pre-stress cardiovascular measures, such as HR and
blood pressure (Suarez et al., 2004), as well as effects of the
hormonal status on the physiological response to acute stress
(Stark et al., 2006; Wolf et al., 2001). Although there are ex-
ceptions, between puberty and menopause, HPA and auto-
nomic responses tend to be lower in women than in men of
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the same age (Kirschbaum et al., 1999; Kajantie and Phillip.,
2000).

In our study, we did not find sex differences or effects of
the menstrual cycle phase in the autonomic and cortisol re-
sponse to the TSST, but we found a higher autonomic re-
sponse to the experimental session in men in comparison
with both groups of women and a greater cortisol response
in men than in women in the luteal phase. Some authors
have suggested that estrogens have a diminishing effect on
sympathetic activity (Kajantie & Phillips, 2006), which could
explain the lower autonomic activity found in both groups of
women compared to men. Our results would confirm the
findings of several studies that have reported no sex differ-
ences in cardiovascular responses to the TSST (Kirschbaum
et al., 1999; Kelly, et al., 2008; Villada, et al, 2018).

The higher levels of cortisol found in men compared to
women in the luteal phase is consistent with the findings of
other studies where a higher salivary cortisol response has
been found in men than in women (Hidalgo et al.,, 2014;
Kirschbaum et al., 1999; Stephens et al., 2016; Uhart et al,,
20006). However, it should be noted that, in several studies,
women in the early follicular phase and women using hor-
monal contraception have been included because they usual-
ly show responses to stress that differ more than those of
women in the luteal phase when compared to responses of
men. Therefore, it is likely that the null effects found in our
study were due to the finding that the magnitude of the cor-
tisol response in the majority of our sample (i.e., more wom-
en in their luteal phase than men) was low. Therefore, the
role of sex hormones is an issue that needs to be considered
to better explain why some studies show no sex differences
in stress responsiveness, and why, when differences are
found, the results are inconsistent.

Any recommendations based on our findings have to be
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