
1 
 

Accepted for publication in Hormones & Behavior 

*Note: This is an uncorrected version of an author's manuscript accepted for publica- 
tion.*Copyediting, typesetting, and review of the resulting proofs will be undertaken on 
this manuscript before final publication. During production and prepress, errors may be 
discovered that could affect the content.  

Cortisol response to stress: The role of expectancy and 
anticipatory stress regulation. 

 

Matias M. Pulopulos*a, Chris Baekenb c d and Rudi De Raedta 

aDepartment of Experimental Clinical and Health Psychology, Ghent University, Ghent, Belgium 
bDepartment of Psychiatry and Medical Psychology, Ghent University, Ghent, Belgium 
cGhent Experimental Psychiatry (GHEP) Lab, Ghent, Belgium 
dDepartment of Psychiatry, University Hospital (UZBrussel), Brussels, Belgium 
 

 

 

 

 

 

 

 

* Corresponding author: Matias M. Pulopulos, Ph.D. Department of Experimental Clinical and Health 
Psychology, Ghent University, Henri Dunantlaan 2 – 9000 Ghent, Belgium. Tel: +32 (0)9 264 64 72. 
Email: matias.pulopulos@ugent.be. 
 

 

 

 

 

 

 



2 
 

Abstract 

An exacerbated physiological response to stress is associated with the development of stress-related 

disorders (e.g., depression and anxiety disorders). Recently, it has been proposed that individuals 

with high expectancies of being able to deal with stressful situations will activate regulatory mecha-

nisms during the anticipation of the stressful event that would improve stress regulation. To test this 

hypothesis, 52 women in young adulthood (M=21.06; SD=2.58) anticipated and performed a labora-

tory-based stress task after receiving positive or negative feedback on their abilities to deal with 

stressful events. Heart rate variability and salivary cortisol were assessed throughout the experi-

mental protocol. Participants receiving positive feedback (i.e., High Expectancy group) showed a 

more positive anticipatory cognitive stress appraisal (i.e., they anticipated the stress task as less 

threatening/challenging, and they perceived that they were more able to deal with it), and they 

showed a lower cortisol response to stress. Moreover, a more positive anticipatory cognitive stress 

appraisal was associated with better anticipatory stress regulation (indexed as less decrease in heart 

rate variability), leading to a lower cortisol response. Our results indicate that people with positive 

expectancy initiate mechanisms of anticipatory stress regulation that enhance the regulation of the 

physiological stress response. Expectancy and anticipatory stress regulation may be key mechanisms 

in the development and treatment of stress-related disorders. 
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1. Introduction 

Inability to handle everyday stress leads to exacerbated physiological responses and is asso-

ciated with the development and course of adverse long-term health outcomes, including a wide 

range of psychological disorders such as major depression, substance abuse, and anxiety disorders 

(Duffing et al., 2014; McEwen, 2008; Sinha, 2001). Under stressful conditions, the hypothalamus–

pituitary–adrenal (HPA) axis is activated, resulting in an increase in cortisol secretion that peaks be-

tween 20 and 40 min after initiation of the stressful event (Dickerson et al., 2004). There are large 

inter-individual differences in the cortisol response to stress, and it has been proposed that cortisol 

and the activity of the HPA axis play a central role in the onset and maintenance of stress-related 

psychological illnesses such as depression and anxiety disorders (Faravelli et al., 2012; Herbert, 2013; 

Morris et al., 2012). High levels of cortisol have been associated with a decreased dorsolateral pre-

frontal cortex (DLPFC) activity, and a prolonged activation of the amygdala, a deregulation which may 

lead to reduced abilities to regulate emotion, sustained negative mood and may (hyper)activate the 

HPA axis during the confrontation with future stressful events (De Raedt and Koster, 2010). Along 

with this line, individuals showing higher cortisol reactivity to stress are at greater risk for experienc-

ing subsequent depressive symptoms (Morris et al., 2012), and insecure attachment styles –a risk 

factor for developing social anxiety disorder– have been associated with larger cortisol responses to 

stress (Manning et al., 2017; Smyth et al., 2015). Given the relationship between the activity of the 

HPA axis under stressful conditions and the development of psychological disorders such as depres-

sion and anxiety, it is crucial to understand which interindividual factors in stress regulation may ex-

plain the differences in the cortisol response to stress. 

The period of anticipation of stressful events may be critical to understanding the process of 

stress regulation (e.g., Ottaviani, 2018; Salvador and Costa, 2009). Indeed, it has been proposed that, 

when a stressful situation is anticipated, individuals make behavioral, cognitive, and physiological 

adjustments that facilitate the process of coping with the upcoming stressor (Pulopulos et al., 2018a; 

Schulkin, 2011; Schulkin et al., 1994; Turan et al., 2015). As such, previous research has highlighted 
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the relevance of stress anticipation in the development of stress-related disorders (Brosschot et al., 

2006; Brosschot et al., 2017). However, it is still not well understood how psychological and physio-

logical processes that occur during stress anticipation affect the regulation of the cortisol response to 

stress. Within this context, De Raedt and Hooley (2016) have proposed the Neurocognitive frame-

work for Regulation Expectation (NFRE), a framework in which stress anticipation plays a central role 

in the process of stress regulation and the development of depression and other stress-related psy-

chopathologies. The NFRE proposes that, when a stressful event is anticipated, individuals with high 

expectancies of being able to deal with the future situation successfully will engage in a proactive 

stress anticipation (i.e., anticipatory stress regulation). Importantly, this anticipatory stress regulation 

would facilitate the process of regulation of the stress response during the actual confrontation with 

the stressor. De Raedt and Hooley (2016) suggest that a proactive anticipation of the stressful situa-

tion (e.g., using effective strategies of emotion regulation during stress anticipation) will be associat-

ed with a sustained anticipatory activity of the DLPFC. As proposed by several authors, an increase in 

DLPFC activity may reduce the HPA axis response to stress through indirect and inhibitory connec-

tions with the amygdala (Baeken et al., 2010, 2014; Herman et al., 2005). 

Previous research also provided support for the idea that expectancy may play a role in the 

regulation of the cortisol response to stress (Gaab et al., 2003; Gaab et al., 2005; Ursin and Eriksen, 

2010). In a recent study in healthy participants, Salzmann et al. (2018) investigated the effect of brief 

psychological interventions that aimed at fostering gratitude, distraction, or personal control expec-

tations on the physiological response to a physical and psychological stress task (i.e., Maastricht 

Acute Stress Test; Smeets et al., 2012). The participants were asked to write about the possibilities 

and strategies involved in how they dealt successfully with previous stressors to optimize personal 

control expectations, to write a gratitude-letter or to perform a distraction writing task. They ob-

served that optimizing expectations and distraction before stress reduced the cortisol response to 

stress when compared with the intervention fostering gratitude. Moreover, closely related with the 

concept of expectancy, primary appraisal (i.e., the evaluation of the upcoming event as a threatening 
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or challenging situation with potential to disrupt well-being) and secondary appraisal (i.e., the per-

ception of the own ability to cope with the threatening or challenging situation) are critical determi-

nants of the process of stress regulation (Lazarus and Folkman, 1987). As proposed by Lazarus (2001), 

primary and secondary appraisal are interdependent, they have a mutual influence (e.g., a low sec-

ondary appraisal can only be interpreted if scores in primary appraisal are taken into account), and 

they are parts of a common process known as anticipatory cognitive stress appraisal. A negative an-

ticipatory cognitive stress appraisal indicates that the individual anticipates that the upcoming situa-

tion has the potential to disrupt well-being or homeostasis, and they perceive that they do not have 

enough resources to deal with this situation. Previous studies have shown that a more negative an-

ticipatory cognitive stress appraisal is associated with higher cortisol response to stress (Gaab et al., 

2005; Juster et al., 2012; although this result has not always been observed Zandara et al., 2016). A 

crucial question remains whether positive and negative expectancy provokes a different stress-

induced cortisol response. Moreover, it is still not known how expectancy may shape the cortisol 

response to stress. 

Following the NFRE, higher positive expectancy will be associated with a proactive anticipa-

tion of stress, which will be reflected in an improved anticipatory stress regulation, resulting in a 

dampened response to stress. In line with this idea, Nasso et al. (2018) have recently shown that, 

when anticipating a stressful task (i.e., giving a speech while being recorded), individuals using cogni-

tive reappraisal (i.e., an adaptive cognitive emotion regulation strategy) showed better anticipatory 

stress regulation than individuals using catastrophizing (i.e., a maladaptive cognitive emotion regula-

tion strategy). Moreover, we have recently demonstrated that better anticipatory stress regulation 

prior a stressful situation (i.e., giving a speech and arithmetic task while being recorded) was associ-

ated with lower stress-induced cortisol response (Pulopulos et al., 2018a). Importantly, as a marker 

of anticipatory stress regulation, these two studies measured the change from baseline to anticipa-

tion in the vagally mediated heart rate variability (HRV). High HRV is considered a marker of emotion 

regulation and stress adaptability, and it has been associated with increased PFC activity (Makovac et 
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al., 2017; Park et al., 2014; Thayer et al., 2012; Vanderhasselt et al., 2015). These results suggest that 

higher HRV during anticipation would be observed in individuals who successfully initiate mecha-

nisms to regulate stress and to prepare themselves for the upcoming stressor, leading to an increase 

in PFC activity and facilitating the actual confrontation with the stressful event (Pulopulos et al., 

2018a). Following these observations, one could expect that when a stressful situation is anticipated, 

a positive expectancy will be associated with less decreases in HRV (i.e., better anticipatory stress 

regulation), leading to lower cortisol response to stress. However, this mechanism has never been 

investigated; and research using an experimental manipulation is needed to establish such a causal 

pathway. 

In the current study, we aimed at investigating whether manipulation of expectancy (High vs. 

Low expectancy) affects the cortisol response to stress. A group of healthy young women completed 

an online questionnaire about their ability to deal with stressful situations. Before coming to the lab 

and independently of their response to the questionnaire, the participants were randomly assigned 

to two groups (i.e., High Expectancy or Low Expectancy). Participants in the High Expectancy group 

were informed that, based on the responses to the questionnaire, they have good abilities to deal 

with socially stressful situations. Participants in the Low expectancy received negative feedback on 

their abilities to deal with socially stressful situations. After receiving the feedback, they performed a 

laboratory-based social stress task. Mood, cortisol levels and HRV were measured throughout the 

session. We hypothesized that the High Expectancy group (i.e., individuals receiving positive feed-

back on their abilities to deal with socially stressful situations) would show better anticipatory stress 

regulation (assessed using HRV measures), and lower cortisol response to stress compared to the 

Low Expectancy group. Moreover, in a mediation model, we tested whether a negative anticipatory 

cognitive stress appraisal would be associated with worse anticipatory stress regulation (assessed as 

the decrease in HRV from baseline to anticipation), leading to lower cortisol response to the stressor.  

2. Methods. 

2.1. Participants. 
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Healthy female undergraduates from Ghent University between 18 and 30 years old were re-

cruited for this study. Participants were selected according to the following criteria: no use of medi-

cation that may affect cortisol levels, cognitive and cardiovascular activity; no current (or history of) 

neurological or psychiatric illness; and smoking less than ten cigarettes per day. In order to control 

for the effects of sex and menstrual cycle on the cortisol response to stress (for a review see 

Pulopulos et al., 2018b), only women taking hormonal contraceptives were included in this study. 

Sixty-seven adult healthy females participated in this study (High Expectancy group=34, Low Expec-

tancy group=33). However, some participants were excluded from the final study sample, and we 

report here the results of the analyses with 25 participants in the High Expectancy group (M age = 

20.52, SD = 2.10) and 27 participants in the Low Expectancy group (M age = 21.00, SD = 2.43). In sup-

plementary material, we report the results of the analyses with 29 participants in the High Expectan-

cy group (M age = 20.67, SD = 2.25) and 30 participants in the Low Expectancy group (M age = 21.17, 

SD = 2.61) (see Data Management and Statistical Analyses section for a description of the exclusion 

of participants from the analyses). 

2.2. Questionnaires. 

Baseline measures.  

To check for differences in trait and state factors that may affect the physiological response 

to stress, we assessed depressive symptoms using the Beck Depression Inventory-II (Beck et al., 1996; 

Dutch translation by Van der Does, 2002), brooding and reflective rumination using the Ruminative 

Responses Scale (Nolen-Hoeksema and Morrow, 1991; Dutch translation by Raes et al., 2003), self-

esteem using the Rosenberg Self-Esteem Scale (Rosenberg, 1965; Dutch translation by Franck et al., 

2008), perceived stress in the previous month using the Perceived Stress Scale (Cohen et al., 1983) 

and general self-efficacy using the Generalized Self-Efficacy Scale (Schwarzer and Jerusalem, 1995; 

Dutch translation by Teeuw et al., 1994). 

Cognitive stress appraisal. 
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To investigate whether the manipulation affected expectancy, the Dutch translation of the 

Primary Appraisal Secondary Appraisal (PASA; Gaab et al., 2005)1 scale was used to assess the cogni-

tive appraisal during the anticipation of the stress task. Based on the transactional stress theory 

(Lazarus and Folkman, 1987), the PASA scale is composed of two situation-specific subscales as-

sessing “Primary appraisal” (i.e., how threatful and challenging the situation is perceived), and “Sec-

ondary appraisal” (i.e., Self-concept of own competence and control expectancy). The scale has 16 

items, rated on a 6-point Likert scale (ranging from 1=Totally disagree, to 6=Totally agree). Im-

portantly, the PASA allows the calculation of a global measure of anticipatory cognitive stress ap-

praisal, a stress index which sets the two appraisals in relation to each other. The anticipatory cogni-

tive stress appraisal was calculated as the difference between secondary and primary appraisal (sec-

ondary appraisal minus primary appraisal)2. Higher scores reflect a more positive anticipatory cogni-

tive stress appraisal. 

2.3. Psychological stress response 

 Nine Visual Analogue Scales (VAS; McCormack et al., 1988) were used to assess changes in 

anxiety, stress perception, anger, worry, motivation, fatigue, cheerfulness, tension, and depression. 

Each horizontal line was ten centimeters long, and participants had to indicate their perception of 

their affective state. The anchors were "not at all" and "as stressed as I can imagine." The VASs were 

recorded using the software Tscope5 (Stevens et al., 2006). Due to technical issues, some items for 

different participants could not be recorded. Therefore, 42 participants were included in the analyses 

with VASs data (High Expectancy=23, Low Expectancy=20). 

2.4. Physiological stress response 

To measure cortisol levels, participants provided saliva samples by using salivettes (Sarstedt, 

Nümbrecht, Germany). They were instructed to keep the cotton swab in their mouths for exactly 2 

 
1 The scale was translated into Dutch and back translated into English. The final English version was approved by the author 
of the scale. 
2 In the original scale, the anticipatory cognitive stress appraisal is calculated as Primary appraisal minus Secondary apprais-
al. In this study, the anticipatory cognitive stress appraisal index was reversed to make easier the interpretation of the 
results. 
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min and move the swab around in a circular pattern to collect saliva from all salivary glands. The 

salivettes were stored at -20 ºC until the samples were analyzed at Dresden Lab-Service GmbH (Ger-

many) using a commercially available enzyme-linked immunosorbent assay (IBL International, Ham-

burg, Germany) with an expected lower and upper detection limits of 0.41 nmol/L and 110.4 nmol/L, 

and an inter and intra-assay coefficient interval lower than 5%.  

To assess changes in HRV, heart rate data was continuously recorded throughout all the ses-

sions using a telemetric heart rate monitor (Polar v800) with a Polar H10 heart rate sensor and a pro 

chest strap placed just below the participant’s chest muscles. Resulting R-to-R intervals were import-

ed to Kubios 3.0.2 (Tarvainen et al., 2002; Tarvainen et al., 2014), a software specifically designed for 

advanced HRV analysis. Artifacts were corrected, and the R-to-R intervals interpolated using auto-

matic algorithms from Kubios. The data from one participant during the recovery phase had to be 

excluded because the signal was too noisy. As an index of HRV, we used the widely utilized root 

mean square successive difference (RMSSD). The RMSSD is an index of vagal tone that is relatively 

free of respiratory influences, and that is considered an index of successful emotion and stress regu-

lation (Fagundes et al., 2011; Laborde et al., 2017; Nasso et al., 2018; Sghir et al., 2012; Thayer et al., 

2012). The percentage of successive normal sinus RR intervals more than 50ms (pNN50) is also an 

index of HRV that reflects vagal activity (Laborde et al., 2017). The conclusions of the study are the 

same if pNN50 is used in the analyses. 

2.5. Stress task 

A modified version of Trier Social Stress Test (TSST; Kirschbaum et al., 1993) was used to pro-

duce stress in the participants. This laboratory-based stress task includes three different phases: (I) 

Introduction to the task. A phase in which the participants are informed about the task that they 

must perform. (II) Anticipatory phase. After the introduction phase, participants have time to prepare 

themselves to perform the task. (III) Free Speech and Arithmetic task. During this phase, participants 

have to perform a free speech (i.e., a job interview) and an arithmetic task (5min each) in front of a 

panel while their performance is being recorded. During the job interview, the participants’ main 
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goal was to convince the evaluators that they were the best candidate for a job that they desired. 

Because we are especially interested in stress anticipation, following Engert et al. (2013) the 

anticipatory phase lasted 15min. In this study, the participants performed the free speech and arith-

metic task in a room in front of a window with a one-way mirror, and they were told that two per-

sons were behind the mirror and that they will evaluate their performance. The experimenter was 

also in the room and provided feedback to the participant. For instance, the experimenter was the 

person who informed the participants that they still have more time to talk if they stopped talking 

before the end of the 5 minutes during the free speech and provided feedback about their mistakes 

during the arithmetic task. 

2.6. Procedure 

The participants provided written informed consent, and the study was approved by the fac-

ulty ethical committee at Ghent University. The study had two separated parts: an online question-

naire and a laboratory session. 

Online questionnaire: First, participants were asked to fill in an online questionnaire at least 

two days before the laboratory session. This questionnaire consisted of 35 items that included the 

Generalized Self-Efficacy Scale, and a series of questions related to the participants’ ability to deal 

with stressful situations. Participants were asked to fill in this questionnaire to strengthen our cover 

story used to manipulate expectancy. Before coming to the lab and independently of their response 

to the questionnaire, participants were randomly assigned to the High Expectancy or Low Expectancy 

group. 

Laboratory session: For the induction of stress response, participants attended an individual 

session. Participants were asked to sleep as usual and to abstain from alcohol and heavy physical 

exercise for 24 hours before the session. Additionally, they were instructed to drink only water, not 

eat, smoke, brush their teeth or take any stimulants (such as coffee, cola, caffeine, tea or chocolate) 

two hours before the session. Upon arrival to the laboratory, participants were interviewed to de-

termine whether they had followed these instructions, and they were screened for past or current 
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psychiatric diagnoses using the semi-structured Mini International Neuropsychiatric Interview (MINI 

screening version; Sheehan et al., 1998). After this short interview, the participants were asked to 

stay quiet in the room for 20min to habituate to the laboratory. During the last 10min of habituation, 

participants completed the baseline questionnaires (i.e., Perceived Stress Scale, Rosenberg Self-

Esteem Scale, Ruminative Responses Scale, Beck Depression Inventory-II). After the habituation peri-

od, the participants received positive or negative feedback on their ability to deal with stressful 

situations (i.e., expectancy manipulation). They were informed that the questionnaire that they had 

to fill in online (at least two days before the session) was a questionnaire used to assess the ability of 

people to deal with socially stressful situations, such as giving a speech in front of a public, an oral 

examination, or a job interview. Participants in the High Expectancy group received the following 

feedback: “Your score is in the top 25% of people with high control ability. This means that, 

comparing to other people, when you are in a stressful situation you are inclined to feel confident that 

you will be able to find a way to deal with it and you do not usually give up easily. As a result, your 

performance in this kind of situations (giving a speech in front of a public, an oral examination, a job 

interview, etc.) tends to be high.” The participants in the Low Expectancy group received the opposite 

feedback: “Your score is in the top 25% of people with low control ability. This means that comparing 

to other people, when you are in a stressful situation, you are inclined not to feel confident that you 

will be able to find a way to deal with it and you usually give up easily. As a result, your performance 

in this kind of situations (giving a speech in front of a public, an oral examination, a job interview, 

etc.) tends to be low.” After receiving the feedback, participants were introduced to the stress task, 

and they were asked to prepare the task for 15min (i.e., anticipatory phase). At the beginning of the 

anticipation phase, they completed the PASA3 to assess cognitive stress appraisal. After 15min of 

anticipation, they performed the speech and the arithmetic task. After the stress task, the partici-

pants were asked to stay quiet for 40 min to recover from the task. At the end of the recovery phase, 

 
3 The participants also completed the Expectancy for stressful events questionnaire, a questionnaire developed in our la-
boratory to assess expectancy and acceptance in stressful situations. We do not include this scale in the analyses because 
the questionnaire is still in the process of validation. 
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the participants' height and weight were measured to compute their body mass index. Finally, the 

participants were asked about the aim of the study, whether they thought that the feedback re-

ceived during the session was real or a manipulation, and whether they participated in a similar 

stress task before. At the end of the session, participants were debriefed about the purpose of the 

study and were paid 15 euros for their participation. 

During the laboratory session, participants provided six saliva samples to measure cortisol 

levels: (I) at the end of the habituation period, (II) ten minutes after the onset of the anticipation 

phase, (III) immediately after the speech task, (IV) 20 min after the onset of the stress task, (V) 35 

min after the onset of the stress task, and (VI) 50min after the onset of the stress task. To measure 

the psychological response to stress, participants were asked to fill in the VASs six times: (I) at the 

end of the habituation phase, (II) after the expectancy manipulation, (III) at the end of the anticipa-

tory phase, (IV) after the speech task, (V) immediately after the arithmetic task, and (VI) 40 min after 

the end of the stress task. To measure HRV, the polar was adjusted at the beginning of the laboratory 

session and removed at the end of the recovery phase. 

To control for the circadian rhythm of cortisol secretion, the experimental sessions started at 

12.00h, 16.00h or 18.00h. The starting time was counterbalanced, and there were no significant dif-

ferences between groups in the time when they started the session (χ2=0.265, p=0.876, Phi=0.07). 

2.7. Data management and statistical analyses 

For HRV, the last 10min of the habituation and anticipation phases, and the first 10 min of 

the recovery phase were separated into 5min epochs and averaged to compute the HRV levels at 

baseline, anticipation, and recovery, respectively. HRV levels during the speech and the arithmetic 

tasks were averaged to compute the HRV levels during the stress task. As in our previous study, antic-

ipatory HRV response was calculated as the change from baseline to anticipation in HRV levels 

(Pulopulos et al., 2018a). Lower values in anticipatory HRV response indicate worse anticipatory 

stress regulation. For cortisol levels, two indexes were computed and used as dependent variables 

for the analyses: (I) The area under the curve with respect to the increase (AUCi) was calculated, us-
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ing the six cortisol samples (see Pruessner et al., 2003 for the specific formula), as a measure of dy-

namic of the cortisol change during the session, (II) the cortisol reactivity was computed as the 

change in cortisol from baseline to the maximum cortisol levels after the stress task, as a measure of 

the magnitude of the cortisol response provoked by the stress task. Cortisol, HRV and VAS values did 

not show normal distributions, and they were log transformed. 

T-tests were used to investigate differences between groups in demographics, baseline ques-

tionnaires, cognitive stress appraisal (i.e., Primary Appraisal, Secondary Appraisal and Tertiary Ap-

praisal), and cortisol indexes (i.e., cortisol AUCi and cortisol reactivity). Mixed ANOVAs were used to 

investigate the psychological response to stress using Group (High Expectancy vs. Low Expectancy) as 

a between-subject factor and Time (Habituation, Manipulation, Anticipation, Stress, Recovery 1 and 

Recovery 2) as a within-subject factor. The nine VAS mood scales were the dependent variables. 

Mixed ANOVA was used to investigate differences between groups in the HRV response to stress 

using group (High Expectancy vs. Low Expectancy) as a between-subject factor and Time (Baseline, 

Anticipation, Stress, and Recovery) as a within-subject factor. When necessary, we applied the 

Greenhouse-Geisser correction to ensure the assumption of sphericity. 

In mediation models, we investigated whether high expectancy leads to higher cortisol re-

sponse to stress (cortisol reactivity and AUCi) via worse anticipatory stress regulation (anticipatory 

HRV response). Given that the anticipatory cognitive stress appraisal index reflects whether an indi-

vidual perceives that she can deal with the stressful situation considering whether she perceives the 

situation as more threatful and/or challenging, this variable was used as the predictor in these mod-

els. As in our previous study, anticipatory HRV response was calculated as the change from baseline 

to anticipation in HRV levels (Pulopulos et al., 2018a). Lower values in anticipatory HRV response 

indicate worse anticipatory stress regulation. We used PROCESS 3.0 for SPSS (IBM SPSS Statistics 

24.0) to test mediation effects, a tool that estimates the indirect effect of cognitive stress appraisal 

on cortisol indexes (cortisol reactivity and AUCi) via anticipatory HRV response (the change from 

baseline to anticipation in HRV levels), equivalent to the difference between the total effect (rela-
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tionship between cognitive stress appraisal and cortisol indexes not controlling for anticipatory HRV 

response) and the direct effect of the independent variable (relationship between cognitive stress 

appraisal and cortisol indexes controlling for anticipatory HRV response). To determine the 

significance of the indirect effect, PROCESS uses bootstrapped confidence intervals (CIs; significant 

when not overlapping zero; Hayes, 2017). 

Sixty-seven women participated in this study. However, eight participants were excluded 

from the analyses due to the following reasons: Two participants were outliers (±3SD) for the two 

cortisol indexes, one participant had missing data for baseline questionnaires and PASA, two partici-

pants had missing data for cortisol levels, and three participants indicated at the end of the session 

that they participated in a similar stress task in a previous experiment. We decided to exclude partic-

ipants who performed a similar stress task in previous experiments because of the well-known habit-

uation of the HPA axis response to the TSST (Schommer et al., 2003). Finally, seven participants indi-

cated that they did not believe the feedback used to manipulate expectancy. The final sample includ-

ed in the analyses was composed of 25 participants in the High Expectancy group, and 27 in the Low 

Expectancy group. Afterwards, the analyses were repeated including the participants who suspected 

that the feedback used to manipulate expectancy was part of the manipulation of the study (High 

Expectancy group=29, Low Expectancy group=30) (see supplementary material)4. 

Analyses were performed using SPSS 24.0 (IBM SPSS Statistics 24.0), and the significance lev-

el was set at p≤0.05, two-tailed, for all analyses. 

3. Results 

3.1. Demographics and baseline questionnaires 

Table 1 shows the characteristics of the study sample. No significant differences were ob-

served between the High Expectancy and Low Expectancy groups in age, body mass index, subjective 

socioeconomic status (assessed using the subjective socioeconomic status scale: Adler et al., 2000), 

 
4 Overall, the statistical conclusions of the study remained the same if these participants are included in the 
analyses. 
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and smoking, and their scores in depression symptoms, reflection, brooding, perceived stress in the 

past month, self-esteem, and general self-efficacy (all ps>0.102). 

3.2. Anticipatory cognitive appraisal 

Figure 1 shows the scores in cognitive stress appraisal for the High Expectancy and Low Ex-

pectancy groups. The Low Expectancy group showed higher primary appraisal (t(50)=2.25, p=0.029, 

d=0.31) lower secondary appraisal (t(50)=-2.04, p=0.047,d=0.28), and more negative anticipatory 

cognitive stress appraisal, (t(50)=-2.46, p=0.017, d=0.34), indicating that the Low Expectancy group 

perceived the situation as more threatening and challenging, and they perceived that they have 

fewer resources to deal with the stressful situation than the High Expectancy group. 

3.3. Psychological response to stress 

Regarding the changes in mood during the session, the mixed ANOVA showed that the factor 

Time was statistically significant for tiredness, happiness, anxiety, tension, worry, anger, and stress 

(ps<0.015). Follow-up analyses revealed that, compared to baseline levels, participants reported 

being more anxious and stressed during anticipation, after the speech and after the arithmetic task 

(ps<0.035), less happy and angrier after the speech and the arithmetic task (ps<0.018), more worried 

during anticipation (p=0.003), and more tense after expectancy manipulation, during anticipation, 

after the speech and after the arithmetic task (ps<0.016). The factor Group was significant only for 

depression, showing that the Low Expectancy group reported more depressed feelings than the High 

Expectancy group (p=0.025). Importantly, the interactions between Time and Group were not statis-

tically significant for the nine VASs, indicating that the manipulation of expectation did not affect the 

stress-induced change in mood in our participants (ps>0.115) (see Table 2). 

3.4. Physiological response to stress 

Figure 2 shows HRV levels during the session for the High expectancy and Low Expectancy 

groups. The ANOVA for repeated measured showed a significant effect of Time (F(2.03,99.42)=57.97, 
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p<0.001, hp2=0.54). HRV showed a significant decrease from the habituation phase to the anticipa-

tion of the stress task (p=0.024, dav=0.18). Also, HRV was lower during the stress task than during the 

anticipation phase (p>0.001, dav=0.81). HRV during the recovery phase was higher than during habit-

uation (p<0.001, dav=0.29), anticipation (p<0.001, dav=0.47), and the stress task (p<0.001, dav=1.32). 

The factor Group (High Expectancy vs Low Expectancy) (F(1,49)=0.54, p=0.468, hp2=0.01), and the 

interaction between Time and Group were not statistically significant (F(2.03,99.42)=0.79, p=0.460, 

hp2=0.02). 

Figure 3A shows the cortisol levels at each time point during the session for the High Expec-

tancy and Low Expectancy groups. For the analyses with AUCi and cortisol reactivity, the Low Expec-

tancy group showed higher values than the High Expectancy group (for AUCi, Low Expectancy: 

mean=-1.31, SD=111.25, High Expectancy: mean=-42.77, SD=71.15; for cortisol Reactivity, Low Expec-

tancy: mean=0.550, SD=0.49, High Expectancy: mean=-0.375, SD=0.29), however, the differences 

were not statistically significant (AUCi: t(44.39)=1.61, p=0.114, d=0.22; cortisol Reactivity: t(50)=1.48, 

p=0.141, d=0.21). 

These results indicate that there were no differences between groups in anticipatory HRV re-

sponse (i.e., the change from baseline to anticipation in HRV levels), HRV response to stress (i.e., 

changes in HRV from baseline to the stress task), and cortisol indexes (AUCi and cortisol reactivity). 

Importantly, in previous studies it has been demonstrated that depression symptoms, rumination, 

trait self-efficacy, self-esteem, and perceived stress may affect the HRV and cortisol response to 

stress (e.g., Chopra et al., 2009; Kemp et al., 2010; Key et al., 2008; O’Donnell et al., 2008; Pruessner 

et al., 2005; Puig-Perez et al., 2016; Salvador and Costa, 2009; Schönfeld et al., 2007; Schull et al., 

2016; Vrshek-Schallhorn et al., 2018; Zoccola and Dickerson, 2012). Therefore, given that individual 

differences in these psychological factors may mask group differences in the HRV and cortisol re-

sponse, we investigated whether anticipatory HRV response, HRV response to stress, AUCi and corti-

sol reactivity were significantly related to these baseline questionnaires. These analyses showed that 

general self-efficacy was significantly correlated with the anticipatory HRV response (r=0.323, 
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p=0.020), and that reflection was significantly associated with both AUCi (r=-0.274, p=0.049) and 

cortisol reactivity (r=-0.281, p=0.044). No significant relationships were observed between the antici-

patory HRV response and brooding (r=-0.052, p=0.716), reflection (r=-0.047, p=0.739), perceived 

stress (r=-0.217, p=0.122), self-esteem (r=-0.032, p=0. 822), and depression (r=-0.236, p=0.092)5. 

None of the association with HRV response to stress were statistically significant (p>0.282). Moreo-

ver, no significant relationships were observed between the cortisol indexes and brooding (AUCi: r=-

0.122, p=0.388; cortisol Reactivity: r=-0.163, p=0.248), perceived stress (AUCi: r=-0.181, p=0.200; 

cortisol Reactivity: r=-0.180, p=0.202), self-esteem (AUCi: r=-0.054, p=0.701; cortisol Reactivity: 

r=0.014, p=0.921), depression (AUCi: r=-0.136, p=0.337; cortisol Reactivity: r=-0.112, p=0.429), and 

general self-efficacy (AUCi: r=-0.206, p=0.142; cortisol Reactivity: r=-0.256, p=0.067)6.  

Considering these results, we controlled for the effect general self-efficacy and reflection in 

the analyses investigating the difference in anticipatory HRV response and cortisol indexes, respec-

tively. The ANCOVA with anticipatory HRV response as the dependent variable, Group (High Expec-

tancy vs. Low Expectancy) as a between-subject factor and general self-efficacy a covariate showed a 

significant effect of general self-efficacy (F(1,49)=5.92, p=0.019, hp2=0.108). Although the Low 

expectancy group showed a larger decrease in HRV from baseline to anticipation (Low Expectancy: 

mean=-0.104, SEM=0.039, High Expectancy: mean=-0.58, SEM=0.041), the differences between 

groups were not statistically significant (F(1,49)=0.66, p=0.419, hp2=0.01). For the analyses with cor-

tisol indexes, the results showed a significant effect of reflection on both AUCi (F(1,49)=6.46, 

p=0.014, hp2=0.12), and cortisol Reactivity (F(1,49)=6.57, p=0.014, hp2=0.12). Importantly, the Low 

Expectancy group show higher AUCi (F(1,49)=4.87, p=0.032, hp2=0.09; Figure 3B), and cortisol reac-

tivity (F(1,49)=4.42, p=0.041, hp2=0.08; Figure 3C), than the High Expectancy group. 
 

5 Given that depression showed a marginally significant association with anticipatory HRV response, we also performed the 
ANCOVA for anticipatory HRV response including both general self-efficacy and depression as covariates. The result showed 
no significant effect of Group (F(1,48)=4.03, p=0.470, hp2=0.08). Importantly, general self-efficacy was a significant covari-
ate in the analyses (F(1,48)=4.79, p=0.033, hp2=0.09), but depression was not (F(1,48)=1.78, p=0.188, hp2 =0.03).  
6 Given that self-efficacy showed a marginally significant association with cortisol reactivity, we also performed the AN-
COVA for cortisol Reactivity including both rumination reflection and general self-efficacy as covariates. The result showed 
higher cortisol reactivity in the Low Expectancy group than in the High Expectancy group (F(1,48)=4.03, p=0.050, hp2=0.08). 
Importantly, rumination reflection was a significant covariate in the analyses (F(1,48)=5.29, p=0.026, hp2=0.11), but general 
self-efficacy was not (F(1,48)=2.23, p=0.142, hp2 =0.04).  
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3.5. Mediation analyses 

We hypothesized that anticipatory cognitive stress appraisal would explain the cortisol re-

sponse to stress (i.e., Cortisol reactivity and AUCi) via anticipatory HRV response (i.e., the change in 

HRV levels from baseline to anticipation). We tested this hypothesis using mediation models. Given 

that lower baseline HRV was correlated to a lower decrease in HRV during anticipation (r=-0.293, 

p=0.035), we included baseline HRV as covariates to control for the effect of individual differences in 

baseline (i.e., law of the initial values). Baseline cortisol levels were not significantly associated with 

cortisol reactivity (r=-0.072, p=0.611) and AUCi (r=-0.120, p=0.397), and therefore, this variable was 

not included as a covariate in the analyses.7 

For cortisol reactivity, we observed that a more negative anticipatory cognitive stress ap-

praisal was associated with larger decreases in HRV during stress anticipation (i.e., lower values in 

anticipatory HRV response) (b=0.370, p=0.004). Moreover, individuals showing larger decreases in 

HRV during anticipation also showed higher cortisol reactivity (b=-0.357, p=0.030). Importantly, the 

indirect effect (i.e., the effect of cognitive stress appraisal on cortisol reactivity via anticipatory HRV 

response) was statistically significant (Indirect effect=-0.133, SE=0.071, 95% CI=0.285 to 0.009). How-

ever, neither the total effect (i.e., effect of cognitive stress appraisal on cortisol reactivity without 

considering the anticipatory HRV response), nor the direct effect (i.e., effect of cognitive stress ap-

praisal on cortisol reactivity controlling for the anticipatory HRV response) were significant (Total 

effect=-0.090, SE=0.143, 95% CI=-0.377 to 0.196; Direct effect=0.042, SE=0.150, 95% CI=-0.259 to 

0.342).  

For AUCi, we observed that individuals showing more negative cognitive stress appraisal 

showed larger decreases in HRV during stress anticipation (i.e., lower values in anticipatory HRV re-

sponse) (b=0.370, p=0.004). Moreover, individuals showing larger decreases in HRV during anticipa-

 
7 Given that general self-efficacy and RRS reflection were related to anticipatory HRV response and cortisol indexes respec-
tively, we repeated the analyses including these variables as covariates in the models. The statistical conclusions of the 
study are the same when general self-efficacy and RRS reflection are also included as covariates. 
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tion also showed a higher AUCi (b=-0.336, p=0.044). However, although the associations between 

cognitive stress appraisal, HRV and AUCi were significant, the indirect effect (i.e., the effect of cogni-

tive stress appraisal on AUCi via anticipatory HRV response) was not statistically significant (Indirect 

effect=-0.124, SE=0.072, 95% CI=-0.280 to 0.006). The total effect (i.e., effect of cognitive stress ap-

praisal on cortisol reactivity without taking into account the anticipatory HRV response), and the 

direct effect (i.e., effect of cognitive stress appraisal on cortisol reactivity controlling for the anticipa-

tory HRV response) were not significant (Total effect=-0.054, SE=0.144, 95% CI=-0.322 to 0.235; Di-

rect effect=0.070, SE=0.151, 95% CI=-0.234 to 0.375). 

As noted by Loeys and colleagues (2014), the power to detect an indirect effect may be high-

er than the power to detect a total effect. Therefore, the results for the total effects should be inter-

preted with caution. 

4. Discussion 

In this study, we investigated whether a manipulation of expectancy before a stressful situa-

tion affects the cortisol response to stress. We observed for the first time that individuals who re-

ceived a negative feedback on their abilities to deal with social stressful situation (i.e., Low Expectan-

cy group) anticipated the situation as more stressful and challenging, and perceived that they were 

less able to deal with the stressful task. Additionally, they showed a higher cortisol response to stress 

in comparison to the group that received a positive feedback (i.e., High Expectancy group) when the 

analyses are controlled for cognitive self-regulation. Moreover, we observed that more negative an-

ticipatory cognitive stress appraisal was related to worse anticipatory stress regulation (i.e., indexed 

as more decrease in HRV during stress anticipation), and this led to higher cortisol response. 

In accordance with our hypothesis, we observed that decreasing expectancy concerning fu-

ture stressors, in comparison with increasing expectancy, leads to higher activation of the HPA axis in 

response to stress (i.e., cortisol reactivity and AUCi). This result is in line with previous studies show-

ing that increasing expectations and anticipatory cognitive appraisal leads to better regulation of the 

stress-induced cortisol response (Gaab et al., 2003; Salzmann et al., 2018). Interestingly, optimism 
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(defined in terms of generalized positive outcome expectancies) has been found to be predictive of 

less depressive symptoms in healthy individuals (e.g., Bromberger and Matthews, 1996; Cohen et al., 

2001; Giltay et al., 2006; Shnek et al., 2001). Moreover, low expectancies regarding the ability to deal 

with future stressful events and negative evaluations of the future are observed in depressed pa-

tients, and people with anxiety disorders show low expectancy of being able to deal with future-

oriented concerns (Beck, 1991; Beck and Clark, 1988; Haugen and Lund, 1999; Reiss, 1991). Following 

De Raedt and Koster (2010), it is possible that the exposition to higher levels of cortisol in stressful 

situations in healthy individuals with low expectancy provokes a reduction in DLPFC activity, and a 

prolonged activation of the amygdala, what in a long-term would reduce the ability to regulate emo-

tions and contributes to the development of depression. Together, these results demonstrate that 

expectancy is a key factor to understanding the interindividual differences in the activation of the 

HPA-axis under stressful situations and explain to some extent how expectancy might be linked to 

the development of stress-related disorders. 

The blunted cortisol response in the High Expectancy group is of interest to discuss. Although 

the stress task provoked a psychological and cardiovascular response in both groups, it moderately 

activated the HPA axis in the Low Expectancy, but not in the High Expectancy group. Given that one 

of the functions of the hormone cortisol is to mobilize resources to deal with stressful situations, one 

could also consider that a lack of cortisol increase, as it is observed in the High Expectancy group, 

might be a maladaptive response to stress. In line with this idea, previous research has also shown a 

relationship between blunted cortisol response to stress and risk factors for stress-related disorders 

(e.g., Avery and Vrshek-Schallhorn, 2016; Way et al., 2016; Zoola et al., 2008). However, two meth-

odological characteristics of the current study should be considered. First, all the participants were 

taking hormonal contraceptives. Given that hormonal contraceptives reduce the cortisol response to 

stress (for reviews see Allen et al., 2014; Pulopulos et al., 2018b), it is possible that a more robust 

cortisol increase would be observed in both groups if a sample of women not taking hormonal con-

traceptives is investigated. Second, the stress severity of the version of the TSST used in this study 
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was moderate-low. Importantly, in the cortisol reactivity threshold model, Vrshek-Schallhorn et al. 

(2018) have recently proposed that a relatively greater HPA axis activation to minor stressors is ex-

pected in individuals at high risk of developing depression, and a blunted or lower cortisol response 

would be expected in low-risk individuals. In contrast, the opposite pattern would be observed with 

major stressful events. In accordance with this model, we observed that a moderate-low severity-

level TSST triggered a higher activation of the HPA axis in the Low Expectancy than in the High Expec-

tancy group. As proposed by Vrshek-Schallhorn et al. (2018), given that minor stressors are more 

common in daily life, individuals with less ability to deal with this kind of stressful events (e.g., per-

sons with low expectancy) would experience more frequent HPA reactivity and higher exposure to 

high cortisol levels, what in long-run will lead to a dysregulation of the HPA-axis (McEwen, 2003) and 

a reduced ability to regulate emotions (De Raedt and Koster, 2010).  

This study provides important evidence to understanding the regulatory mechanisms that 

occur during anticipation, and that may explain how expectancy may influence the cortisol response 

to stress. At a group level, a decrease in HRV from baseline to stress anticipation indicated that par-

ticipants anticipated the stress task. Although no differences between groups in HRV response were 

observed, a mediation analysis revealed that worse anticipatory stress regulation (assessed as the 

change in HRV from baseline to the anticipatory phase) was observed in participants who anticipated 

the stress task as more threatening and challenging and who perceived that they have less ability to 

deal with the stressful situation. Moreover, worse anticipatory stress regulation was associated with 

a higher cortisol reactivity and (in the supplementary material) to higher AUCi. These results are in 

line with our recent study showing in a large sample of healthy individuals that less decrease in HRV 

during stress anticipation was associated with lower cortisol reactivity (Pulopulos et al., 2018a). To-

gether, these findings can be interpreted according to the NFRE of De Raedt and Hooley (2016). This 

framework proposes that, when a stressful situation is anticipated, individuals with high expectancy 

will proactively anticipate the stressful situation leading to a sustained anticipatory activity of the 

dorsolateral prefrontal cortex (DLPFC), and inhibition of the amygdala. A decrease in the amygdala 
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response to stress would result in a reduced HPA axis activation (Herman et al., 2005). Importantly, 

high HRV has been associated with successful emotion and stress regulation (Park et al., 2014; Thayer 

et al., 2012; Vanderhasselt et al., 2015), and with high prefrontal cortex activity (for meta-analyses 

see: Makovac et al., 2017; Thayer et al., 2012). Moreover, although we did not assess whether partic-

ipants in the High Expectancy group used an adaptive stress regulation strategy, Nasso et al (2018) 

have recently demonstrated that individuals who proactively anticipate a stressful situation using 

cognitive reappraisal (i.e., an adaptive strategy of stress regulation) showed higher HRV during stress 

anticipation than individuals using catastrophizing (i.e., a non-adaptive regulatory strategy). Taken all 

together, these findings support the idea that individuals with high expectancy will successfully initi-

ate mechanisms of anticipatory stress regulation (reflected in less decrease in HRV during stress an-

ticipation), allowing them to prepare for the confrontation with the upcoming situation, and 

facilitating the confrontation with the stressful event, what in a long-run would be reflected in a low-

er cortisol response to stress. 

For the whole sample, the stress task provoked changes in self-reported negative and posi-

tive affect; however, both groups showed a similar psychological stress response. These results are in 

accordance with most psychoendocrinological studies showing a lack of correspondence between 

physiological and affective responses to laboratory-based stress tasks (for a review see Campbell and 

Ehlert, 2012). As a possible explanation, it has been proposed that in comparison to the slow endo-

crine response, it is more difficult to detect the rapid changes in emotional states (Campbell and Eh-

lert, 2012; Schlotz et al., 2008). Even though no differences in mood changes were detected; the 

crucial result is that on the endocrinological level healthy females may become less sensitive to 

stressful events when they have positive expectancies. 

The results of the current study are also of interest in placebo research. Previous studies 

have demonstrated that expectancy and anticipation play a central role in the placebo effect (Rief 

and Glombiewski, 2017), and it has been proposed that expectations about treatment success are 

the most prominent predictor of outcome in psychopharmacological and psychological interventions 
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(Schedlowski et al., 2015). In our study, given that both groups did not differ in the trait measure of 

general self-efficacy and that the participants did not receive instructions or training to improve 

stress regulation, a placebo effect would be driving the enhanced stress regulation in the High Expec-

tancy group. These observations suggest that the placebo mechanisms can be used to improve the 

effectiveness of interventions aimed at improving stress regulation. 

Despite the novel findings, some limitations should be considered when interpreting the re-

sults of this study. To control for the effect of sex and menstrual cycle in the cortisol response to 

stress (Pulopulos et al., 2018b), only women taking hormonal contraceptives were included in the 

study. Although this may reduce the generalizability of our results, it is important to note that stress-

related disorders such as depression and anxiety are more common in women than in men 

(Bandelow and Michaelis, 2015; Kessler et al., 1994). Another limitation is that, although we assessed 

several psychological factors that may affect the stress response (i.e., perceived stress in the past 

month, self-efficacy, self-esteem, rumination and depression symptoms), we do not know whether 

the two groups have similar levels of social anxiety. 

In conclusion, this study demonstrates the importance of expectancy and anticipatory stress 

regulation to understand the individual differences in the HPA axis response to stress. Our results 

suggest that people with negative expectancies concerning future stressful events may become more 

sensitive to stressful events (i.e., reflected in an exacerbated HPA axis response to stress), what in a 

long-term may contribute to the development of stress-related disorders. Our observations explain 

to some extent how positive expectancy may attenuate the cortisol response to stress through a 

successful initiation of mechanisms to regulate stress during anticipation, allowing the individuals to 

prepare themselves for the upcoming stressful event.  
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Figure 1. Primary appraisal, secondary appraisal and global anticipatory cognitive stress appraisal 
scores for the Low Expectancy (white) and the High Expectancy (grey) groups. Means and standard 
errors. *p<0.05 
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Fig 2. Heart rate variability (RMSSD) during the habituation, stress anticipation, stress task, and re-
covery. Means and standard errors. *p<0.05 
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Fig 3. (FigA) Cortisol (nmol/L) levels during the session. (Fig3B) AUCi levels for the Low Expectancy 
(white) and the High Expectancy (grey) group controlled for reflection scores. (Fig3C) Cortisol reactiv-
ity levels for the Low Expectancy (white) and the High Expectancy (grey) group controlled for reflec-
tion scores. Means and standard errors. *p<0.05 
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Table 1. Characteristics of the sample.  

 Group Mean/n SEM t/X
2
 p Effect size 

Age L 20.52 0.40 -0.766 0.448 d=0.10 
 H 21.00 0.49    
BMI L 22.43 0.65 0.178 0.860 d=0.02  
 H 22.28 0.58    
Smoke L No=27, Yes=0 2.246 0.134 Phi=0.21  
 H No=23, Yes=2    
SES L 6.11 0.28 0.084 0.933 d=0.01 
 H 6.08 0.24    
PSS L 22.70 1.36 -0.371 0.713 d=0.05 
 H 23.40 1.29    
RRS Reflection L 9.37 0.69 1.667 0.102 d=0.23 
 H 7.80 0.64    
RRS Brooding L 9.30 0.58 0.533 0.597 d=0.08 
 H 8.88 0.51    
RSEQ L 22.00 0.94 0.706 0.483 d=0.10 
 H 21.08 0.89    
BDI L 6.22 1.15 0.788 0.434 d=0.11 
 H 4.92 1.18    
GSE L 29.63 0.73 0.275 0.785 d=0.04 
 H 29.40 0.41    

 Note: L=Low expectancy group; H=High expectancy group; BMI=Body Mass Index; SES=Subjective socio-
economic status; PSS=Perceived Stress Scale; RRS=Ruminative Response Scale; RSEQ= Rosenberg Self-
Esteem Questionnaire; BDI= Beck Depression Inventory; GSE= General Self-Efficacy Scale 
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 Note: L=Low expectancy group; H=High expectancy group 

 

 

 

 

 

 

Table 2. Mean (SD) and results of the repeated measure ANOVA for the VAS values. 
  Habituat. Manipulat. Anticip. Stress Recov. 1 Recov. 2  

Tired L 3.24 (1.1) 2.86 (1.3) 2.87 (1.2) 2.83 (1.3) 2.73 (1.3) 3.07 (1.3) Time: F(2.74,112.40)=3.78, p=0.015, hp2=0.08 
Group: F(1,41)=0.23, p=0.634, hp2=0.01  
Time*Group: F(2.74,112.40)=0.81, p=0.483, hp2=0.02 
 

H 3.16 (1.2) 3.02 (1.2) 3.06 (1.1) 2.84 (1.3) 2.85 (1.2) 3.55 (0.9) 

Happy L 4.14 (0.2) 4.06 (0.3) 3.94 (0.4) 3.76 (0.7) 3.72 (0.6) 4.08 (0.3) Time: F(2.64,108.20)=7.02, p<0.001, hp2=0.15 
Group: F(1,41)=2.36, p=0.132, hp2=0.05 
Time*Group: F(2.64,108.20)=2.08, p=0.115, hp2=0.05 
 

H 4.22 (0.3) 4.25 (0.2) 4.13 (0.2) 4.03 (0.4) 3.99 (0.6) 3.97 (0.6) 

Motivated L 4.07 (0.3) 3.92 (0.8) 4.04 (0.4) 3.83 (0.8) 3.63 (1.1) 3.77 (1.0) Time: F(2.53,103.60)=4.34, p=0.010, hp2=0.10 

Group: F(1,41)=0.46, p=0.500, hp2=0.01 
Time*Group: F(2.53,103.60)=1.45, p=0.238, hp2=0.03 
 

H 4.05 (0.4) 4.18 (0.2) 4.11 (0.3) 4.02 (0.4) 3.93 (0.6) 3.55 (1.1) 

Anxious L 1.94 (1.4) 2.20 (1.1) 3.43 (0.9) 2.78 (1.4) 2.69 (1.5) 1.79 (1.4) Time: F(3.85,157.67)=22.75, p<0.001, hp2=0.36 
Group: F(1,41)=0.666, p=0.419, hp2=0.02 
Time*Group: F(3.85,157.67)=0.43, p=0.778, hp2=0.01 
 

H 1.91 (1.1) 1.88 (1.3) 3.12 (1.1) 2.75 (1.2) 2.26 (1.1) 1.50 (1.0) 

Depressive L 2.05 (1.3) 1.97 (1.2) 2.02 (1.1) 2.12 (1.2) 2.17 (1.3) 1.82 (1.4) Time: F(3.30,135.35)=1.34, p=0.262, hp2=0.03 
Group: F(1,41)=5.39, p=0.025, hp2=0.12 
Time*Group: F(3.30,135.35)=0.64, p=0.640, hp2=0.01 
 

H 1.65 (1.0) 1.42 (0.9) 1.46 (0.9) 1.34 (0.9) 1.36 (0.8) 1.18 (0.8) 

Tense L 2.62 (1.3) 3.47 (0.8) 3.97 (0.5) 3.75 (1.0) 3.63 (1.0) 2.37 (1.3) Time: F(3.87,158.63)=29.74, p<0.001, hp2=0.42 

Group: F(1,41)=0.23, p=0.635, hp2=0.01 
Time*Group: F(3.87,158.63)=0.92, p=0.451, hp2=0.02 
 

H 2.85 (1.2) 3.07 (0.9) 3.74 (0.7) 3.66 (0.5) 3.59 (0.7) 2.31 (1.2) 

Worried L 3.10 (1.1) 3.25 (0.8) 3.80 (0.6) 3.20 (1.4) 3.40 (0.9) 2.45 (1.3) Time: F(3.73,152.93)=10.70, p<0.001, hp2=0.21 
Group: F(1,41)=2.93, p=0.093, hp2=0.07 
Time*Group: F(3.73,152.93)=0.96, p=0.418, hp2=0.02 
 

H 2.65 (1.2) 2.47 (1.2) 3.36 (1.1) 3.13 (1.0) 2.81 (1.2) 2.20 (1.3) 

Angry L 1.67 (1.0) 1.44 (1.0) 1.87 (1.2) 2.39 (1.3) 2.52 (1.4) 1.82 (1.1) Time: F(3.53,137.46)=10.35, p<0.001, hp2=0.20 
Group: F(1,41)=0.52, p=0.474, hp2=0.03 
Time*Group: F(3.53,137.46)=0.36, p=0.807, hp2=0.01 
 

H 1.37 (1.0) 1.54 (0.9) 1.63 (1.0) 2.18 (1.2) 2.38 (1.2) 1.52 (1.1) 

Stressed L 2.83 (1.2) 3.31 (1.0) 3.81 (0.7) 3.90 (0.6) 3.49 (1.0) 2.20 (1.3) Time: F(3.51,143,99)=32.41, p<0.001, hp2=0.44 

Group: F(1,41)=1.04, p=0.314, hp2=0.03 
Time*Group: F(3.51,143,99)=0.47, p=0.734, hp2=0.01 

H 2.52 (1.3) 2.80 (1.1) 3.64 (1.0) 3.74 (0.6) 3.41 (0.7) 2.05 (1.2) 
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Supplementary material 

Cortisol response to stress: The role of expectancy and an-
ticipatory stress regulation. 

Matias M. Pulopulos, Chris Baeken and Rudi De Raedt 

 

We repeated the analyses including the participants who suspected that the feedback on 

their ability to deal with stressful situations was part of the manipulation of the experiment. The 

sample included in the analyses consists of 29 participants in the High expectancy group and 30 par-

ticipants in the Low expectancy group. 

Results 

Demographics, and baseline questionnaires 

No significant differences were observed between the High expectancy and Low expectancy 

groups in age (p=0.428), body mass index (p=0.743), subjective socioeconomic status (p=0.929), 

smoking (p=0.143), depression symptoms (p=0.633), brooding (p=0.388), perceived stress in the past 

month (p=0.498), and general self-efficacy (p=0.440). Participants in the Low expectancy group re-

ported slightly higher levels of reflection (p=0.055) and self-esteem (p=0.077). 

Anticipatory cognitive appraisal 

The Low expectancy group showed slightly higher primary appraisal (p=0.084) and lower 

secondary appraisal (p=0.095), and more negative anticipatory cognitive stress appraisal (p=0.050). 

The result of anticipatory cognitive stress appraisal indicates that the Low expectancy group per-

ceived the situation as more threatening and challenging, and that they perceived that they have 

fewer resources to deal with the stressful situation than the High expectancy group. 

Psychological response to stress 
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Due to missing data, only 24 participants in the High expectancy group and 27 participants in 

the Low expectancy group were included in the analyses. Regarding the changes in mood during the 

session, the mixed ANOVAs with Group (High expectancy vs Low expectancy) as between-subject 

factor, Time (Habituation, Manipulation, Anticipation, Stress, Recovery 1 and Recovery 2) as within-

subject factor, and the nine VAS mood scales as the dependent variables showed that the factor 

Time was statistically significant for tiredness, happiness, motivation, anxiety, tension, worriedness, 

anger, and stress (F(5,245)>4.17, ps<0.008). Follow-up analyses revealed that, compared to baseline 

levels, participants reported being less happy and more anxious during anticipation, after the speech 

and after the arithmetic task (ps<0.012), angrier after the speech and the arithmetic task (ps<0.011), 

more worried during anticipation (p=0.001), more tense and stressed after expectancy manipulation, 

during anticipation, after the speech and after the arithmetic task (ps<0.037), and less motivated at 

the end of the session (p=025). The factor Group was statistically significant only for depression, 

showing that the Low expectancy group reported more depressed feelings than the High expectancy 

group (F(1,49)=5.45, p=0.024). Importantly, the interaction between Time and Group were not statis-

tically significant for the nine VASs, indicating that the manipulation of expectation did not affect the 

stress-induced change in mood in our participants (F(5,245)<1.82, ps>0.150). 

Physiological response to stress 

The mixed ANOVA with group (High expectancy vs Low expectancy) as between-subject fac-

tor and Time (Baseline, Anticipation, Stress, and Recovery) as a within-subject factor showed a signif-

icant effect of Time (F(2.08,116.54)=69.80, p<0.001), HRV decreased significantly from the habitua-

tion phase to the anticipation of the stress task (p=0.009). Also, HRV was lower during the stress task 

than during both the habituation and the anticipation phase (p<0.001). HRV during the recovery 

phase was higher than during baseline, anticipation, and the stress task (ps<0.002). The factor Group 

(High expectancy vs Low expectancy) (F(1,56)=2.31, p=0.633), and the interaction between Time and 

Group (F(2.08,116.54)=0.42, p=0.665) were not statistically significant. The ANCOVA with anticipa-
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tory HRV response as the dependent variable, Group (High Expectancy vs. Low Expectancy) as a 

between-subject factor and general self-efficacy a covariate showed a significant effect of general 

self-efficacy (F(1,56)=9.73, p=0.003, hp2=0.148). Although the Low expectancy group showed a larger 

decrease in HRV from baseline to anticipation (Low Expectancy: mean=-0.94, SEM=0.038, High Ex-

pectancy: mean=-0.85, SEM=0.038), the differences between groups were not statistically significant 

(F(1,56)=0.32, p=0.858, hp2=0.01). 

The ANCOVA with cortisol indexes as the dependent variable, Group (High expectancy vs. 

Low expectancy) as between-subject factor and reflection as a covariate showed a significant effect 

of reflection (AUCi: F(1,56)=4.83, p=0.032; Cortisol reactivity: F(1,56)=5.44, p=0.023) and a significant 

effect of the factor Group (AUCi: F(1,56)=4.81, p=0.032; Cortisol reactivity: F(1,56)=4.83, p=0.032). 

The Low expectancy group show higher AUCi (mean=7.19, SE=16.14), and cortisol reactivity 

(mean=0.72, SE=0.36), than the High expectancy group (AUCi: mean=-45.41, SE=16.43; Cortisol reac-

tivity: mean=-0.47, SE=0.36).  

Mediation analyses 

 Using mediation models, we investigated whether high expectancy leads to higher cortisol 

response to stress (cortisol reactivity and AUCi) via worse anticipatory stress regulation (anticipatory 

HRV response). As observed for the analyses reported in the manuscript, lower baseline HRV was 

correlated to a lower decrease in HRV during anticipation (r=-0.323, p=0.013). Therefore, we included 

baseline HRV as covariates to control for the effect of individual differences in baseline (i.e., law of 

the initial values). Baseline cortisol levels were not significantly associated with cortisol reactivity (r=-

0.106, p=0.425) and AUCi (r=-0.153, p=0.247), and therefore, this variable was not included as a 

covariate in the analyses. 

We observed that a more negative anticipatory cognitive stress appraisal was associated with 

larger decreases in HRV during stress anticipation (i.e., lower values in anticipatory HRV response) 
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(b=0.387, p=0.020). Moreover, individuals showing larger decreases in HRV during anticipation also 

showed higher cortisol reactivity (b=-0.372, p=0.012) and AUCi (b=-0.351, p=0.020). Importantly, the 

indirect effect (i.e., the effect of cognitive stress appraisal on cortisol reactivity and AUCi via anticipa-

tory HRV response) for cortisol reactivity and AUCi were both statistically significant (Cortisol reactivi-

ty: Indirect effect=-0.144, SE=0.068, 95% CI=-0.294 to -0.027; AUCi: Indirect effect=-0.136, SE=0.067, 

95% CI=-0.281 to -0.017). However, the total effect (Cortisol reactivity: total effect=-0.124, SE=0.134, 

95% CI=-0.393 to 0.145; AUCi: total effect=-0.086, SE=0.136, 95% CI=-0.358 to 0.187), and the direct 

effect (Cortisol reactivity: Direct effect=0.020, SE=0.139, 95% CI=-0.259 to 0.299; AUCi: Direct ef-

fect=0.050, SE=0.142, 95% CI=-0.253 to 0.335) were not significant. 

 


