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Empathy Modulates the Effects of Acute Stress on Anxious Appearance and Social Behavior in Social Anxiety Disorder
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Patients suffering from social anxiety disorder (SAD) fear social interaction and evaluation, which severely undermines their everyday life. There is evidence of increased prosocial behavior after acute social stress exposure in healthy individuals, which may be interpreted as stress-regulating “tend-and-befriend” behavior. In a randomized controlled trial, we measured empathic abilities in a first diagnostic session. In the following experimental session, we investigated how patients with SAD (n = 60) and healthy control participants (HC) (n = 52) respond to an acute social stressor (Trier Social Stress Test for groups) or a non-stressful control condition, and whether empathic abilities and acute social stress interact to modulate anxious appearance and social behavior in a social conversation test. Salivary cortisol, heart rate, and subjective stress response were repeatedly measured. The anxious appearance and social behavior of participants were rated by the conversation partner. SAD patients demonstrated stronger subjective stress responses while the biological responses did not differ from HC. Moreover, patients performed worse overall in the conversation task, which stress additionally undermined. Finally, we found that both emotional and cognitive empathy buffered the negative effects of acute stress on social behavior in SAD, but not in HC. Our data highlight the importance of empathic abilities for SAD during stressful situations and call for multimodal clinical diagnostics. This may help to differentiate clinical subtypes and offer better-tailored treatment for patients.

General Scientific Summary: This study shows that high levels of cognitive and emotional empathy can buffer the negative effects of acute stress on social behavior in social anxiety disorder (SAD). Empathic abilities may be included as an additional diagnostic resource marker for SAD.
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INTRODUCTION

Although stress is well known for its’ negative consequences on physical and mental health (1, 2), there is mixed evidence on the behavioral effects of acute stress leading to either antisocial or prosocial behavior [for an overview see (3)]. There is strong evidence that specific situational aspects and personality variables influence the actual response to acute stressors (4). Empathic abilities playing a crucial role in social interactions may be one of these modulators. Understanding and feeling the other’s emotional and mental state, i.e., empathy, is one of our most fundamental abilities underlying social interaction. As such, empathy is associated with affiliation and prosocial behavior and is a prerequisite for smooth (pro-) social interactions (5–8). Empathy may be divided into its cognitive and emotional elements. While cognitive empathy is defined as the ability to recognize the emotion another person is feeling, emotional empathy reveals how strongly one feels the other person’s emotion (9). Despite socio-cognitive abilities like empathy being a prerequisite for successful social interactions, little is known about the role that empathic abilities play in modulating social behavior during psychosocial stress exposure.

Moreover, the role of various psychopathologies within the link between stress and social behavior is still not well understood. Patients suffering from social anxiety disorder (SAD) in particular can differ from healthy controls in how they react to social stress. Behavioral responses to stress may be characterized in two directions (antisocial or prosocial), and are referred to evolutionarily concepts of “fight-or-flight” or “tend-and-befriend” (10, 11). It is important to mention that prosocial behavioral reactions to stressful situations are certainly not possible (or suitable) in every situation. But if possible and when appropriate, they are potent regulatory acts modulating our own emotions and feelings of stress, as well as in strengthening our social skills and social bonds in the future (12, 13). However, for patients suffering from SAD such social interactions are the focus of their fears. SAD is characterized by the distinct fear of behaving embarrassingly when interacting with others. That is, social interactions imply marked distress for these patients. In reaction, they exhibit what is known as avoidance behavior (14). Moreover, there is accumulating evidence that SAD patients exhibit actual deficits in social performance (15–17) and that other detect these impairments rapidly (17–20). This raises the question of whether tend-and-befriend responses to stress are even feasible for patients with SAD.

Although social evaluative situations constitute the key fear for SAD, there is still inconclusive evidence for an exaggerated psychobiological stress response to social evaluative stress in SAD. The literature has documented exaggerated fear responses in the amygdala (21) as well as hyper-reactivity of the hypothalamus-pituitary-adrenal axis (HPA) to social stress like the Trier Social Stress Test (TSST) (22). But the experimental findings have been inconsistent and point toward discordance between subjective and physiological stress responses in SAD (23), thus leaving us with an unclear impression about differences in the psychobiological stress response to social stress in SAD compared to healthy controls (HC).

A few studies have tested the effects of acute stress on social behavior in SAD considering the effects of acute stress on social behavior. Mallott et al. (24) compared healthy participants with high and low social anxiety scores, respectively. Subjects with high social anxiety levels acted less prosocially after social rejection than participants low in social anxiety. To date, only one study (25) examined the influence of stress on social behavior in a clinical sample of SAD patients. Subjects with SAD avoided angry faces faster after stress in an approach-avoidance task, indicating increased avoidance behavior. At the same time it is well-known that SAD patients exhibit an attentional bias for threat [(26); for a review on neuroimaging data see (27)]. That is, SAD patients are hypervigilant to negative and threatening stimuli. Stress impairs the prefrontal cortex’s function, thereby impeding working memory and the regulation of attention in favor of “bottom up” control [for reviews see (28, 29)]. Thus, under acute stress, SAD patients’ bias for threat may be even more pronounced, facilitating withdrawal and impeding social approach and prosocial behavior. In accordance, patients with SAD showed increased processing of threatening faces after cortisol administration compared to placebo (30). There is also evidence that in SAD, attention under stress is quite self-focused and the processing of external cues is reduced (31, 32). Most notably, none of the aforementioned studies examined social cognitive abilities ex ante. Moreover, as no study has examined genuine “face to face” social interactions, any conclusions about SAD patients’ actual behavior in real-life social situations are limited.

What remains unclear about social anxiety is whether empathic abilities are better, worse or the same as HC. A recent meta-analysis (33) describes an overall association between emotional empathy and social anxiety but no association between cognitive empathy and social anxiety. In their subgroup analyses they report a slightly negative association with lower cognitive empathy in SAD. The authors discuss the “great variability between studies” and call for additional research. We thus planned our study to test not only the direct effects of acute psychosocial stress on social interactive behavior during a real face to face conversation in SAD compared to healthy controls (HC). We also chose a paradigm that resembles a naturalistic two person, face-to-face conversation with a rating of “anxious appearance” and “social behavior” by the interaction partner as basic variables of social interaction (17). Moreover, we wanted to clarify the role that empathic abilities play within this relationship, resembling another basic competence for social interactive behavior. We hypothesized that (I) SAD patients would show deficits in social performance compared to HC, irrespective of stress. Further, it was expected that (II) in healthy individuals, acute stress would lead to affiliative behavior in terms of increased social performance and that (III) SAD patients would not exhibit affiliative behavior in reaction to stress but instead would be characterized by intensified social deficits. Finally, we expected that (IV) empathic abilities would modulate these adverse effects of stress on social performance.



MATERIALS AND METHODS


Participants

All our participants were recruited via advertisements in local newspapers, notices and flyers. Online questionnaires and telephone interviews were used to check eligibility. Exclusion criteria were age under 18 years or over 55 years, any acute or chronic medical condition including neurological disorders, smoking of more than five cigarettes per day, current use of medication, drug or alcohol abuse, a body mass index (BMI) > 30, or shiftwork. Participants could also not participate if they were students of psychology or economics and if they were not naïve to the TSST procedure. Other exclusion criteria for the SAD group were any other current mental disorder except SAD or avoidant personality disorder. For the control group, participants could not have or have had any mental disorder diagnosis. Due to sex hormone influences on the cortisol stress response, we included only male participants (34). We based our sample size calculation on previous studies with similar designs (35, 36) and planned to recruit 30 participants per group including possible drop-outs or missing data. A total of 121 subjects (63 SAD; 58 HC) met these criteria and participated in our experiment. From this sample, three subjects with SAD and six healthy controls had to be excluded for this reasons: current medication use (n = 5), critically elevated global psychiatric symptoms in control sample [t-value of the Brief Symptom Inventory > 70; (37)] (n = 3), one subject was known to one of the experimenters (n = 1). Our final sample consisted of 112 participants, with 60 SADs, age 28.30 ± 8.91 years (mean ± SD), and 52 healthy controls, age 27.85 ± 6.67 years. Participants were randomly assigned to the stress or no-stress condition of the Trier Social Stress Test for groups (TSST-G (38); SAD: 31 in the stress condition, 29 in the no-stress condition; healthy controls: 27 in the stress condition, 25 in the no-stress condition).



Empathic Abilities

The Multifaceted Empathy Test [MET; (39)] was used to measure emotional and cognitive empathic abilities. It consists of 30 pictures showing people in positive and negative emotionally laden situations. To assess cognitive empathy, participants had to choose the correct mental state description out of four labels presented at the bottom of the picture. To measure emotional empathy, participants rated their experienced level of empathic concern for the person in the picture on a 9-point Likert scale. Trial presentation and response registration was controlled by a PC running Presentation (Neurobehavioral Systems Inc., Albany, CA, United States). For statistical analyses, trials within the cognitive or emotional condition were averaged to provide us with one dependent variable. Due to technical problems, the sample is missing MET data from five participants.



Psychosocial Stress Manipulation

For the stress manipulation, we applied the TSST-G, a standardized laboratory protocol inducing psychosocial stress in groups of up to six participants (38). In the TSST-G, subjects are separated by dividing walls to prevent them from interacting. The TSST-G comprises two conditions, namely, a stress and a control (no-stress) condition. In the stress condition, participants have to give a 2-min free speech for a mock job interview and do a mental arithmetic task, both in front of two evaluators and two cameras. In the no-stress condition, participants had to read a text in a low voice and recite number series and are not videotaped or evaluated in any way. This resembles an active control condition with the same physiological features (standing upright, talking) but without the stress-inducing aspects of social evaluation or uncontrollability that are specific to the stress condition. The TSST-G enables a moderate psychosocial stress induction and has been proven to reliably result in activation of the HPA axis with elevated cortisol levels, as well as significant cardiovascular and subjective stress responses with a specific and active control condition that does not lead to psychobiological stress responses (38, 40, 41).



Stress Response Measures

We measured salivary cortisol and heart rate to assess the physiological stress response. To measure the subjective stress reaction, a visual analogue scale (VAS) was used. Cortisol and subjective responses were collected at five time points throughout the experiment (Figure 1).
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FIGURE 1. Experimental course with stress induction and the social conversation paradigm [adapted from von Dawans et al. (35)]. TSST-G, Trier Social Stress Test for Groups. VAS, visual analogue scale.


Saliva samples for cortisol assaying were collected using a commercially available sampling device (Sarstedt®, Nümbrecht-Rommelsdorf, Germany). Saliva samples were stored at −20°C. For biochemical analyses of free cortisol concentration, saliva samples were thawed and spun at 3.000 revolutions per minute for 10 min to obtain 0.5–1.0 ml of clear saliva of low viscosity. Salivary cortisol concentrations were determined by a commercially available chemiluminescence immunoassay (CLIA; IBL, Hamburg, Germany). Inter- and intra-assay coefficients of variation were below 8%. Because of too little saliva, one participant’s cortisol data were not available (n = 111).

Heart rate was measured via a wireless chest heart rate transmitter and wrist monitor recorder (Polar RS800TM, Polar Electro®, Oy, Kempele, Finland) and recorded continuously as an indicator of the sympathetic adrenal medullary system (SAM) (see experimental course, Figure 1). We assessed an aggregated baseline mean over 5 min in a standing position. For the stress induction period, means from 35 1-min intervals were entered into the analyses. Due to technical problems, heart rate measures were not available for n = 11 at the baseline and n = 8 participants during the stress induction period. Heart rate analyses were thus conducted with n = 101 participants at baseline and n = 104 during the stress induction period.



Social Interaction Paradigm: Social Performance

We assessed social performance via an everyday conversation task, based on Voncken and Bögels (17). This paradigm enables an experimentally controlled investigation of social interaction with high ecological validity. Social performance comprises social behavior and anxious appearance (see below). Participants had to start a 5-min conversation with a confederate. Instructions were as follows: “We would like you to have a conversation with another person. The purpose is to get to know each other. It is up to you to start the conversation and to keep it going.”

Confederates were female undergraduate students. All had undergone a 3 h training session in the experimental conversation paradigm and rating social interaction with the Social Behavior and Anxious Appearance Rating Scale [SBA-rating scale; (17)]. They had been trained to remain in a neutral but friendly posture during the conversation and to answer with up to three pieces of information. They were trained to only pose a question after 7 s of silence. That way, the responsibility for keeping the conversation going remained with the participant. We based these instructions on Voncken and Bögels (17). Confederates were blinded for the condition (stress/no-stress) and group (SAD/HC). After the conversation, confederates rated the participants’ social performance via a modified version of the SBA-rating scale (17). The SBA-rating scale consists of 27 items and two scales: anxious appearance and social behavior. Anxious appearance covers signs of nervousness such as trembling, blushing or stuttering. Examples for the questions are: “Was the participant shaking/trembling (e.g., hands, legs or parts of the face)?” or “Was the participant laughing nervously?” Social behavior comprises items relating to formal aspects of interaction behavior, such as maintaining eye contact or formulating full sentences, as well as more complex aspects, such as the degree of self-disclosure or showing interest in the conversation partner. Examples for questions are: “Did the participant seem confident?” or “Did the participant make eye contact with you?” The two-factor structure was confirmed by Voncken and Bögels (17) and Bögels et al. (42). The original scale refers to a conversation involving three persons and was adapted for a two-party conversation in our study. Therefore, one item of the SBA scale had to be removed (“Could the participant divide attention between you both?”) which resulted in 26 items for the current investigation. Social behavior and anxious appearance represent the two main dependent behavioral variables of social performance in the conversation paradigm.



Additional Psychometric Measures

To assess social anxiety as a continuous variable, we applied the Liebowitz Social Anxiety Scale [LSAS; (43)]. Depressive symptoms were rated with the Beck Depression Inventory [BDI; (44)]. To assess the general burden of psychiatric symptoms, we used the Brief Symptom Inventory [BSI; (45)]. We relied on the Perceived Stress Scale to measure chronic stress levels [PSS; (46)].



Procedure

Participants came to the laboratory twice. The first appointment was scheduled for individual diagnostics including SKID I and SKID II [German version of the Structural Clinical Interview for DSM IV; (47)], and the Multifaceted Empathy Test [MET; (39)] for measuring cognitive and emotional empathy abilities.

After providing informed consent, all participants were interviewed by a trained clinician and performed the MET individually on a PC. The diagnostic session lasted approximately 2 h.

If participants fulfilled our inclusion criteria, they were randomly assigned to the stress or control condition. They were scheduled for the experimental session in groups of four to six participants. The groups were always mixed with participants in the SAD and HC group. Participants were asked not to do any physical exercise and to abstain from caffeine, nicotine, alcohol or any medication for 24 h prior to the experiment. They were instructed to eat their usual standard breakfast and lunch and to stop food consumption at 4 P.M. Sessions started between 5 and 6 P.M. to control for diurnal variation in cortisol secretion. After arriving at the lab, participants again provided informed consent. They were not allowed to communicate with each other, were provided with a heart rate device (Polar, RS800TM, Polar Electro®, Oy, Kempele, Finland) and were seated individually in a cubicle computer lab. They were given information about saliva collection and how to set markers for the heart rate recording. After filling out the first visual analogue scales, they underwent the TSST-G (38). Each of the two parts of the TSST-G (speech/reading and mental arithmetic/counting, see next section), was followed by a set of decisions on a behavioral economic paradigm [adapted from von Dawans et al. (35)]. Due to space shortage, these results are being prepared for a second manuscript. At the end of the TSST and the second decision paradigm, participants were informed that the next task would be a conversation with a stranger. They were guided individually into separate rooms where a trained female confederate was waiting and the conversation task took place for 5 min. Participants then came back into the computer lab for further questionnaires (BDI, BSI, LSAS, and PSS), saliva sampling and VAS (see Figure 1). All participants were debriefed and reimbursed at the end of the study, which was approved by the local ethics committee of the University of Freiburg, Germany. Participants gave written informed consent on both study days. Subjects received a flat fee of 40 Euros and could earn additional money in the decision paradigm (depending on their own decisions and the decisions of another group of participants not subjected to the TSST-G procedure) with a mean of 5.69 ± 0.90 Euros (SD).



Statistical Analyses

To test for differences in groups with respect to psychometric data or baseline measures we conducted two factorial ANOVAs with the factors stress/control and SAD/HC. We also ran two MANOVAS, one for empathy (cognitive and emotional) and one for social performance (anxious appearance and social behavior). With respect to the moderation of the effects of stress on social behavior by empathic abilities we conducted two moderation analyses separately for each HC and SAD (one for anxious appearance, one for social behavior). The PROCESS macro for SPSS by Hayes (48) was used (model 2). Moderation analyses were conducted for both SAD and HC with condition as the independent variable, and anxious appearance and social behavior, respectively, as dependent variable; cognitive and emotional empathy as two moderators.




RESULTS


Sample Characteristics

Participants with SAD and HC did not differ in age [F(1, 108) = 0.07, p = 0.786, ηp2 = 0.001] or education [χ2 (df = 2) = 0.248, p = 0.883]. Participants in the stress group tended to be older [F(1, 108) = 3.31, p = 0.072, ηp2 = 0.030]. As expected participants with SAD exhibited significantly higher levels of psychopathological symptoms, and they reported higher levels of social anxiety [LSAS: F(1, 104) = 138.56, p < 0.001, ηp2 = 0.571], depressive symptoms [BDI: F(1, 107) = 60.70, p < 0.001, ηp2 = 0.362] and general psychiatric symptoms [BSI global severity index: F(1, 108) = 137.79, p < 0.001, ηp2 = 0.561] as well as higher levels of chronic stress [PSS: F(1, 108) = 77.84, p < 0.001, ηp2 = 0.419]. There were neither significant differences between stress and control condition nor any significant interactions between the two factors (all p > 0.10) (Table 1).


TABLE 1. Sample characteristics.
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Participants with SAD and healthy controls did not differ in terms of empathic abilities, in their level of cognitive or emotional empathy. We also found that randomization to the experimental conditions succeeded: there were no differences in empathic abilities between the stress and control condition and no interaction effects (all p > 0.10) (Table 2).


TABLE 2. Empathic abilities.
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Baseline Stress Values

We noted a divergence in baseline measures between psychological stress levels and biological stress markers. Participants with SAD showed significantly higher levels on the VAS stress at baseline [F(1, 108) = 12.45, p = 0.001, ηp2 = 0.103] whereas they did not differ from HC in cortisol [F(1, 107) = 1.35, p = 0.247, ηp2 = 0.012] or heart rate [F(1, 97) = 1.81, p = 0.181, ηp2 = 0.018] at baseline.



Subjective Stress Response

Our within-subjects results showed that inducing stress via the TSST-G was successful. Besides an overall effect of time [F(3.44, 358.18) = 43.11, p < 0.001, ηp2 = 0.293], participants in the stress condition displayed a significantly higher subjective stress response measured with the VAS stress [time × stress: F(3.44, 358.18) = 9.92, p < 0.001, ηp2 = 0.087] compared to the control condition. Moreover, there was a significant time × SAD interaction documenting higher subjective responses in SAD than HC [F(3.44, 358.18) = 4.93, p = 0.001, ηp2 = 0.045]. The three way interaction [time × stress × SAD: F(3.44, 358.18) = 2.12, p = 0.077, ηp2 = 0.021] reached significance on the trend level.

With respect to the between-subject effects we detected significant main effects for the stress condition [F(1, 104) = 6.09, p = 0.015, ηp2 = 0.055], SAD [F(1, 104) = 42.80, p < 0.001, ηp2 = 0.292], and a significant interaction between stress × SAD—yet more evidence of higher overall subjective stress levels in SAD than HC [F(1, 104) = 4.28, p = 0.041, ηp2 = 0.039; Figure 2A].
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FIGURE 2. Mean (± SEM) of the psychobiological stress response in healthy controls (HC) and participants with SAD to the TSST-G and the control condition. (A) Subjective stress on a VAS, (B) free salivary cortisol concentration with Area-Under-the-Curve (AUC), and (C) heart rate over the course of the experiment. The experiment’s different phases are highlighted as bars: 5 min Anticipation (TSST I), Speech/Reading (TSST II), Mental arithmetic/Counting (TSST III), and Conversation.




Cortisol Stress Response

For the within-subjects effects, the repeated measures ANOVA for cortisol revealed an effect of time [F(2.21, 235.99) = 28.33, p < 0.001, ηp2 = 0.209]. Participants in the stress condition exhibited significantly stronger cortisol stress responses than those in the control condition [time × stress: F(2.21, 235.99) = 39.86, p < 0.001, ηp2 = 0.271]. The time × SAD and three way interaction time × stress × SAD were not significant. The between-subjects effects show a main effect for stress that reflects higher overall cortisol levels in the stress than in the control condition [F(1, 107) = 23.54, p < 0.001, ηp2 = 0.181; Figure 2B].

The same pattern appears again concerning the areas under the curve: significant effects are revealed for stress induction for the AUCG [F(1, 107) = 24.85, p < 0.001, ηp2 = 0.188] as well as the AUCI [F(1, 107) = 64.48, p < 0.001, ηp2 = 0.376]. There were no differences in SAD vs. HC, nor any significant stress × SAD interactions (all p > 0.10, Figure 2B bar charts).



Autonomic Stress Response

For heart rate responses we again found successful stress induction revealed through a significant effect of time [F(8.24, 824.14) = 35.64, p < 0.001, ηp2 = 0.263] and time × stress interaction [F(8.24, 824.14) = 2.34, p = 0.016, ηp2 = 0.023]. There were no other significant effects in heart rate responses to stress (Figure 2C).

Both our results on cortisol and heart rate demonstrate a divergence between subjective and biological variables that is reflected in stronger subjective responses, but similar biological responses in SAD compared to HC (Figure 2).



Effects of Stress on Social Performance

In a multivariate analysis of variance, we tested for differences in social behavior and anxious appearance in SAD compared to healthy controls, as well as for the effects of the acute stress induction. The latter failed to show a significant main effect [F(2, 107) = 0.161, p = 0.852, ηp2 = 0.003, Wilk’sΛ = 0.997]. As expected, we observed a significantly better performance in HC than SAD [F(2, 107) = 8.884, p < 0.001, ηp2 = 0.142, Wilk’sΛ = 0.858]. Moreover, there was a significant stress × SAD interaction revealing a different pattern for the stress induction in SAD patients vs. HC [F(2, 107) = 3.550, p = 0.032, ηp2 = 0.062, Wilk’sΛ = 0.938; Figure 3].
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FIGURE 3. Effects of acute stress on social behavior and anxious appearance during the post-stress conversation for controls and participants with SAD; dots represent individual data, dotted lines represent the mean.




Modulation of Social Behavior Under Stress by Empathy

With our final step, we wanted to clarify whether empathy modulates the significant stress × SAD interaction of on social performance and used a moderation model conducted with PROCESS (Model 2) for SAD and HC separately (Figure 4).
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FIGURE 4. Emotional and cognitive empathy as moderators for acute stress effects on (A) anxious appearance and (B) social behavior in the post-stress conversation in participants with SAD. +p = 0.100, *P = 0.050.


There were no significant effects for HC. Neither stress induction nor empathic abilities nor the interaction explained anxious appearance [F(5, 44) = 1.18, R2 = 0.118, p = 0.336] or social behavior in HC [F(5, 44) = 1.09, R2 = 0.110, p = 0.382].

In SAD, the model summary for anxious appearance was not significant [F(5, 51) = 1.91, R2 = 0.158, p = 0.109]. When looking at the model, we noted a significant stress by cognitive empathy interaction [stress × cognitive empathy: F(1, 51) = 5.07, change R2 = 0.084, p = 0.029]. Moreover, stress alone predicted anxious appearance on the trend level [b = 5.97, t(51) = 1.91, p = 0.062; Figure 4A].

Our moderation model for social behavior was significant [F(5, 51) = 5.45, R2 = 0.348, p < 0.001]. We identified a significant negative effect of stress on social behavior [b = −7.12, t(51) = −3.02, p = 0.004]. With respect to the direct effects of empathic abilities, cognitive empathy shows significance on the trend level [b = 0.12, t(51) = 1.97, p = 0.055] while emotional empathy had no direct effect on social behavior (p = 0.803). However, both facets of empathy moderate the effects of stress on social behavior [stress × cognitive empathy: F(1, 51) = 5.23, change R2 = 0.067, p = 0.026; stress × emotional empathy: F(1, 51) = 4.05, change R2 = 0.052, p = 0.050; Figures 4B, 5]. All results of the moderation models are found in the Supplementary Material (SOM). Moreover, the figure shows the level of significance for the conditional effects of the focal predictor at values of the moderators (all parameters can be found in the SOM).
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FIGURE 5. Emotional and cognitive empathy as moderators for acute stress effects on social behavior in the post-stress conversation in participants with SAD. Low, medium and high levels represent mean ± 1 SD (48). The level of significance for the conditional effects of the focal predictor at values of the moderators is presented in case of p < 0.10 and is added to the respective panel.





DISCUSSION

We tested the effects of acute stress on social behavior in HC and SAD in an experimental design, and found that empathic abilities to be a key regulator of social communication that moderate this relation.

First, our results show that SAD patients do not differ in their physiological stress responses on either the HPA or SAM—a finding in line with previous evidence showing divergent subjective and physiological stress responses (23). In our study, participants suffering from SAD again demonstrated higher overall subjective stress levels and overall stronger subjective responses. We detected neither higher heart rate or cortisol baseline levels for SAD, nor stronger physiological stress responses. Since neuroimaging studies have repeatedly documented stronger amygdala responses for SAD via fMRI (49) patients’ physiological stress systems may have been adapted from being hyper-responsive and they may sooner or later become hyporesponsive as has been documented in conjunction with other disorders (50). There is initial evidence documenting hyporeactivity of parts of the HPA axis in SAD patients following acute stress induction (51). On the other hand, it is also possible that patients with SAD may form subgroups that reveal different psychobiological reactivity patterns. It is therefore important for future studies to collect psychological and physiological reactivity data from larger samples in order to distinguish subtypes. If clinicians could more specifically characterize patients on their level of both subjective feelings and subjective responses to threatening situations (like social stressors) and measure their physiological responses, we may gain important knowledge leading to better therapeutic strategies. Patients showing hyper-responsiveness on both—subjective and physiological—levels may form a different group compared to those whose subjective and physiological responses differ (52, 53).

As expected, we found deficits in the social interactive behavior of SAD patients compared to HC, and we are able replicate findings (17). Our SAD patients were less competent in their social performance, and appeared more anxious during an everyday situation that resembled a typical “small talk” situation. Moreover, the interaction of SAD by stress demonstrates differential behavioral effects of stress in HC compared to SAD patients—results that are not surprising. Patients with SAD bear a heavy burden since they fear social interactions, an essential feature of human development and everyday regulation. But these patients are not just disadvantaged in building up relationships and negotiating their everyday routines. In HC, social stress had no effect on social performance in a face to face conversation. However, in patients with SAD, social performance continues to worsen after social stress. This is of utmost importance, because positive social interaction is such an important way to establish and seek social support and social relationships, factors that are likewise linked to both mental health and morbidity and mortality (54).

Our study integrated empathic abilities as one important diagnostic measure of social communication. Patients with SAD do not differ overall from healthy controls in their cognitive or emotional empathy level, a finding already documented by other researchers (33). But interestingly, we found that empathy buffered the detrimental effects of social stress on social behavior in SAD during the conversation paradigm. Both cognitive and emotional empathy moderated the effect of social stress on social behavior. When looking at our data in detail, note that high levels of cognitive or emotional empathy can buffer the effect of social stress on social behavior, while it is especially those patients with low empathic abilities who exhibit poorer social behavior after social stress, as empathy is known to promote other-oriented motivation and prosocial behavior (5, 7, 8). One explanation may be that high levels of empathy compensate higher levels of self-focused attention and the reduced processing of external cues under stress in SAD (31, 32). Our results again highlight the importance of expanding upon our approaches to diagnosing social anxiety disorder. As we have documented, not every patient suffering from SAD reveals impaired social communication, although standard tests may discover potential deficits or resources [e.g., the Multifaceted Empathy Test, MET (39)]. Since social communication is an important prerequisite for many psychotherapeutic approaches like exposure therapy, it is extremely important that SAD patients receive tailored treatment and training within this very domain. We can hypothesize that poor social communication is one limiting factor for cognitive behavioral therapy in SAD (55). On the other hand, patients with good to excellent social communication skills need no training and therapeutic focus can be directed toward other domains.

For both aspects, and considering diverging subjective and physiological stress reactions or fear responses, as well as social communication and how these interact, it could eventually prove to be especially worthwhile to target the brain oxytocin system. Oxytocin is known to be involved in social communication (56) and the perception of social support as well as stress regulation (40, 57, 58). However, endogenous versus exogenous oxytocin exhibit different effects depending on many individual and contextual aspects—all factors that make its use as a therapeutic drug still challenging (59). A combination of psychotherapeutic strategies and individually tailored trainings (e.g., training social cognitive skills) via oxytocin augmentation is a potentially promising future route (60–62).

The present study bears some limitations that need to be addressed in future research. First, we only tested male participants due to the influences of sex hormones on stress hormone responses (34). Our findings therefore cannot be generalized, and need to be replicated in female mixed samples. In addition, we only had one confederate interacting with one participant due to the logistic complexity of our group study. Future studies should include two confederates per interaction in order to control for the level of inter-rater reliability. Moreover, our SAD participants underwent no psychotherapeutic treatment and were not taking any psychotropic medication. Moreover, they could not have any comorbid disorder. This again resembles potential selection bias, revealing the need for future studies with clinical samples including SAD patients on treatment and with typical comorbidities so as to test our effects within a more heterogenous SAD sample. Nevertheless, our study takes an initial step toward an broadened approach to diagnostic and treatment of SAD within the social domain and will hopefully lead to further investigations of the underlying mechanisms.

Taken together, we have replicated findings on the diverging physiological vs. subjective stress responses in SAD. In addition, SAD patients demonstrated poorer social performance and a more anxious appearance in a social conversation and this effect was even pronounced after acute stress. We found that empathic abilities may buffer detrimental effects of acute stress on social performance, while empathic abilities per se were not lower in SAD than HC. Our findings contribute to our understanding of acute stress effects on social interaction in SAD and enhance the evidence on the importance of empathic abilities within the diagnostic process and in terms of treatment strategies.



DATA AVAILABILITY STATEMENT

The data from all experiments reported will be accessible via OSF doi: 10.17605/OSF.IO/TRG8M.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by University of Freiburg, Germany. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

BD, MV, CK, ID, and MH contributed to conception and design of the study. AT and BD conducted data collection and wrote the first draft of the manuscript. BD, AT, and GD performed the statistical analysis and prepared the figures. All authors interpreted the results, contributed to manuscript revision, read, and approved the submitted version.



FUNDING

This study was supported by a grant from the Deutsche Forschungsgemeinschaft to BD (DFG-DA 1416/2-1). GD and BD were supported by the University Research Priority Program “Psychobiology of Stress” funded by the State Rhineland-Palatinate. We acknowledge support by the Open Access Publication Fund of the University of Freiburg to MH.



ACKNOWLEDGMENTS

We wish to thank Catrin Angst-Eckert, Kristina Dworsky, Emily Feldmann, Lana Gawron, Marthe Rump, Laya Lehner, Lisa Marx, Sebastién Nicolay, Roxana Petri, Malin Stiene, Antonia Vehlen, Lia York, and Janina Zink for their help with data collection.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.875750/full#supplementary-material



REFERENCES

1. Chrousos GP. Stress and disorders of the stress system. Nat Rev Endocrinol. (2009) 5:374–81. doi: 10.1038/nrendo.2009.106

2. McEwen BS. The good side of “stress.”. Stress. (2019) 22:524–5. doi: 10.1080/10253890.2019.1631794

3. von Dawans B, Strojny J, Domes G. The effects of acute stress and stress hormones on social cognition and behavior: current state of research and future directions. Neurosci Biobehav Rev. (2021) 121:75–88. doi: 10.1016/j.neubiorev.2020.11.026

4. Buchanan TW, Preston SD. Stress leads to prosocial action in immediate need situations. Front Behav Neurosci. (2014) 8:5. doi: 10.3389/fnbeh.2014.00005

5. Bateson CD. Adressing the altruism question experimentally. In: SG Post, LG Underwood, JP Schloss, WB Hurlbut editors. Altruism and Altruistic Love: Science, Philosophy, and Religion in Dialogue. Oxford: Oxford University Press (2002). 89–105.

6. Decety J, Bartal IB-A, Uzefovsky F, Knafo-Noam A. Empathy as a driver of prosocial behaviour: highly conserved neurobehavioural mechanisms across species. Philos Trans R Soc Lond Ser B Biol Sci. (2016) 371:20150077. doi: 10.1098/rstb.2015.0077

7. Eisenberg N. Empathy-related responding and prosocial behaviour. Novartis Found Symp. (2007) 278:216–21.

8. Hoffmann ML. Empythy and prosocial behavior. 3rd ed. In: M Lewis, J Haviland-Jones, LF Barrett editors. Handbook of Emotions. New York, NY: Guilford Press (2008).

9. Cuff BMP, Brown SJ, Taylor L, Howat DJ. Empathy: a review of the concept. Emot Rev. (2016) 8:144–53. doi: 10.1177/1754073914558466

10. Taylor S. Tend and befriend: biobehavioral bases of affiliation under stress. Curr Dir Psychol Sci. (2006) 15:273–7. doi: 10.1111/j.1467-8721.2006.00451.x

11. Taylor S, Klein LC, Lewis BP, Gruenewald TL, Gurung RAR, Updegraff JA. Biobehavioral responses to stress in females: tend-and-befriend, not fight-or-flight. Psychol Rev. (2000) 107:411–29. doi: 10.1037//0033-295X.107.3.411

12. Ditzen B, Heinrichs M. Psychobiology of social support: the social dimension of stress buffering. Restor Neurol Neurosci. (2014) 32:149–62. doi: 10.3233/RNN-139008

13. Inagaki TK. Neural mechanisms of the link between giving social support and health. Ann NY Acad Sci. (2018) 1428:33–50. doi: 10.1111/nyas.13703

14. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM). 5th edn. Virginia:American Psychiatric Association (2013).

15. Baker SR, Edelmann RJ. Is social phobia related to lack of social skills? Duration of skill-related behaviours and ratings of behavioural adequacy. Br J Clin Psychol. (2002) 41(Pt 3):243–57. doi: 10.1348/014466502760379118

16. Fydrich T, Chambless DL, Perry KJ, Buergener F, Beazley MB. Behavioral assessment of social performance: a rating system for social phobia. Behav Res Ther. (1998) 36:995–1010. doi: 10.1016/S0005-7967(98)00069-2

17. Voncken MJ, Bögels SM. Social performance deficits in social anxiety disorder: reality during conversation and biased perception during speech. J Anxiety Disord. (2008) 22:1384–92. doi: 10.1016/j.janxdis.2008.02.001

18. Alden LE, Wallace ST. Social phobia and social appraisal in successful and unsuccessful social interactions. Behav Res Ther. (1995) 33:497–505. doi: 10.1016/0005-7967(94)00088-2

19. Creed AT, Funder DC. Social anxiety: from the inside and outside. Pers Individ Differ. (1998) 25:19–33. doi: 10.1016/S0191-8869(98)00037-3

20. Voncken M, Dijk KFL. Socially anxious individuals get a second chance after being disliked at first sight: the role of self-disclosure in the development of likeability in sequential social contact. Cognit Ther Res. (2013) 37:7–17. doi: 10.1007/s10608-012-9449-4

21. Brühl AB, Delsignore A, Komossa K, Weidt S. Neuroimaging in social anxiety disorder–A meta-analytic review resulting in a new neurofunctional model. Neurosci Biobehav Rev. (2014) 47:260–80. doi: 10.1016/j.neubiorev.2014.08.003

22. Jacobson L. Hypothalamic-pituitary-adrenocortical axis: neuropsychiatric aspects. Compr Physiol. (2014) 4:715–38. doi: 10.1002/cphy.c130036

23. Klumbies E, Braeuer D, Hoyer J, Kirschbaum C. The reaction to social stress in social phobia: discordance between physiological and subjective parameters. PLoS One. (2014) 9:e105670. doi: 10.1371/journal.pone.0105670

24. Mallott MA, Maner JK, DeWall N, Schmidt NB. Compensatory deficits following rejection: the role of social anxiety in disrupting affiliative behavior. Depress Anxiety. (2009) 26:438–46. doi: 10.1002/da.20555

25. Roelofs K, van Peer J, Berretty E, de Jong P, Spinhoven P, Elzinga BM. Hypothalamus–pituitary–adrenal axis hyperresponsiveness is associated with increased social avoidance behavior in social phobia. Biol Psychiatry. (2009) 65:336–43. doi: 10.1016/j.biopsych.2008.08.022

26. Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ, van IJzendoorn MH. Threat-related attentional bias in anxious and nonanxious individuals: a meta-analytic study. Psychol Bull. (2007) 133:1–24. doi: 10.1037/0033-2909.133.1.1

27. Schulz C, Mothes-Lasch M, Straube T. Automatic neural processing of disorder-related stimuli in social anxiety disorder: faces and more. Cognit Sci. (2013) 4:282. doi: 10.3389/fpsyg.2013.00282

28. Arnsten AFT. Stress signalling pathways that impair prefrontal cortex structure and function. Nat Rev Neurosci. (2009) 10:410–22. doi: 10.1038/nrn2648

29. McEwen BS, Morrison JH. The brain on stress: vulnerability and plasticity of the prefrontal cortex over the life course. Neuron. (2013) 79:16–29. doi: 10.1016/j.neuron.2013.06.028

30. van Peer JM, Spinhoven P, van Dijk JG, Roelofs K. Cortisol-induced enhancement of emotional face processing in social phobia depends on symptom severity and motivational context. Biol Psychol. (2009) 81:123–30. doi: 10.1016/j.biopsycho.2009.03.006

31. Clark DM. A cognitive perspective on social phobia. In: W. R. Crozier, LE Alden editors. The Essential Handbook of Social Anxiety for Clinicians. Hoboken, NJ: Wiley (2005). p. 193–218.

32. Mansell W, Clark DM, Ehlers A, Chen Y-P. Social anxiety and attention away from emotional faces. Cognit Emot. (1999) 13:673–90. doi: 10.1080/026999399379032

33. Pittelkow M-M, Aan het Rot M, Seidel LJ, Feyel N, Roest AM. Social anxiety and empathy: a systematic review and meta-analysis. J Anxiety Disord. (2021) 78:102357. doi: 10.1016/j.janxdis.2021.102357

34. Kudielka BM, Kirschbaum C. Sex differences in HPA axis responses to stress: a review. Biol Psychol. (2005) 69:113–32. doi: 10.1016/j.biopsycho.2004.11.009

35. von Dawans B, Fischbacher U, Kirschbaum C, Fehr E, Heinrichs M. The social dimension of stress reactivity: acute stress increases prosocial behavior in humans. Psychol Sci. (2012) 23:651–60. doi: 10.1177/0956797611431576

36. von Dawans B, Ditzen B, Trueg A, Fischbacher U, Heinrichs M Effects of acute stress on social behavior in women. Psychoneuroendocrinology. (2019) 99:137–144. doi: 10.1016/j.psyneuen.2018.08.031

37. Derogatis LR, Melisaratos N. The brief symptom inventory: an introductory report. Psychol Med. (1983) 13:595–605. doi: 10.1017/S0033291700048017

38. von Dawans B, Kirschbaum C, Heinrichs M. The Trier Social Stress Test for Groups (TSST-G): a new research tool for controlled simultaneous social stress exposure in a group format. Psychoneuroendocrinology. (2011) 36:514–22. doi: 10.1016/j.psyneuen.2010.08.004

39. Dziobek I, Rogers K, Fleck S, Bahnemann M, Heekeren HR, Wolf OT, et al. Dissociation of cognitive and emotional empathy in adults with asperger syndrome using the multifaceted empathy test (MET). J Autism Dev Disord. (2008) 38:464–73. doi: 10.1007/s10803-007-0486-x

40. Chen FS, Kumsta R, von Dawans B, Monakhov M, Ebstein RP, Heinrichs M. Common oxytocin receptor gene (OXTR) polymorphism and social support interact to reduce stress in humans. Proc Natl Acad Sci USA. (2011) 108:19937–42. doi: 10.1073/pnas.1113079108

41. Passarelli TO, Buchanan TW. How do stress and social closeness impact prosocial behavior? Exp Psychol. (2020) 67:123–31. doi: 10.1027/1618-3169/a000482

42. Bögels SM, Rijsemus W, Jong PJD. Self-Focused attention and social anxiety: the effects of experimentally heightened self-awareness on fear, blushing, cognitions, and social skills. Cogn Ther Res. (2002) 26:461–72. doi: 10.1023/A:1016275700203

43. Stangier U, Heidenreich T. Die liebowitz soziale angst-skala (LSAS). In: CIPS editor. Internationale Skalen für Psychiatrie. Göttingen: Hogrefe (2005).

44. Hautzinger M, Worall H, Keller F. Beck Depressionsinventar (BDI). Edison, NJ: Huber (1994).

45. Franke GH. BSI -Brief Symptom Inventory—Deutsche Version. Weinheim: Beltz (2000).

46. Klein EM, Brähler E, Dreier M, Reinecke L, Müller KW, Schmutzer G, et al. The German version of the Perceived Stress Scale – psychometric characteristics in a representative German community sample. BMC Psychiatry. (2016) 16:159. doi: 10.1186/s12888-016-0875-9

47. Wittchen H-U, Zaudig M, Fydrich T. SKID Strukturiertes Klinisches Interview für DSM-IV. Achse I und II. Göttingen: Hogrefe (1997).

48. Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. New York, NY: Guilford Press (2013).

49. Gentili C, Cristea IA, Angstadt M, Klumpp H, Tozzi L, Phan KL, et al. Beyond emotions: a meta-analysis of neural response within face processing system in social anxiety. Exp Biol Med. (2016) 241:225–37. doi: 10.1177/1535370215603514

50. Rohleder N, Wolf JM, Wolf OT. Glucocorticoid sensitivity of cognitive and inflammatory processes in depression and posttraumatic stress disorder. Neurosci Biobehav Rev. (2010) 35:104–14. doi: 10.1016/j.neubiorev.2009.12.003

51. Petrowski K, Schmalbach I, Strunk A, Hoyer J, Kirschbaum C, Joraschky P. Cortisol reactivity in social anxiety disorder: a highly standardized and controlled study. Psychoneuroendocrinology. (2021) 123:104913. doi: 10.1016/j.psyneuen.2020.104913

52. Leistner C, Menke A. How to measure glucocorticoid receptor’s sensitivity in patients with stress-related psychiatric disorders. Psychoneuroendocrinology. (2018) 91:235–60. doi: 10.1016/j.psyneuen.2018.01.023

53. Menke A. Is the HPA axis as target for depression outdated, or is there a new hope? Front Psychiatry. (2019) 10:101. doi: 10.3389/fpsyt.2019.00101

54. Holt-Lunstad J, Smith TB, Layton JB Social relationships and mortality risk: a meta-analytic review. PLoS Med. (2010) 7:e1000316. doi: 10.1371/journal.pmed.1000316

55. Carpenter JK, Andrews LA, Witcraft SM, Powers MB, Smits JAJ, Hofmann SG. Cognitive behavioral therapy for anxiety and related disorders: a meta-analysis of randomized placebo-controlled trials. Depress Anxiety. (2018) 35:502–14. doi: 10.1002/da.22728

56. Domes G, Heinrichs M, Michel A, Berger C, Herpertz SC. Oxytocin improves “mind-reading” in humans. Biol Psychiatry. (2007) 61:731–3. doi: 10.1016/j.biopsych.2006.07.015

57. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. Social support and oxytocin interact to suppress cortisol and subjective responses to psychosocial stress. Biol Psychiatry. (2003) 54:1389–98. doi: 10.1016/S0006-3223(03)00465-7

58. Kanat M, Heinrichs M, Domes G. Oxytocin and the social brain: neural mechanisms and perspectives in human research. Brain Res. (2014) 1580:160–71. doi: 10.1016/j.brainres.2013.11.003

59. Carter CS, Kenkel WM, MacLean EL, Wilson SR, Perkeybile AM, Yee JR, et al. Is Oxytocin “Nature’s Medicine”? Pharmacol Rev. (2020) 72:829–61. doi: 10.1124/pr.120.019398

60. Gottschalk MG, Domschke K. Oxytocin and anxiety disorders. Curr Top Behav Neurosci. (2018) 35:467–98. doi: 10.1007/7854_2017_25

61. Meyer-Lindenberg A, Domes G, Kirsch P, Heinrichs M. Oxytocin and vasopressin in the human brain: social neuropeptides for translational medicine. Nat Rev Neurosci. (2011) 12:524–38. doi: 10.1038/nrn3044

62. Yoon S, Kim Y-K. The role of the oxytocin system in anxiety disorders. Adv Exp Med Biol. (2020) 1191:103–20. doi: 10.1007/978-981-32-9705-0_7


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 von Dawans, Trueg, Voncken, Dziobek, Kirschbaum, Domes and Heinrichs. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Empathy Modulates the Effects of Acute Stress on Anxious Appearance and Social Behavior in Social Anxiety Disorder



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		Empathic Abilities



		Psychosocial Stress Manipulation



		Stress Response Measures



		Social Interaction Paradigm: Social Performance



		Additional Psychometric Measures



		Procedure



		Statistical Analyses







		RESULTS



		Sample Characteristics



		Baseline Stress Values



		Subjective Stress Response



		Cortisol Stress Response



		Autonomic Stress Response



		Effects of Stress on Social Performance



		Modulation of Social Behavior Under Stress by Empathy







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fpsyt-13-875750-t002.jpg
Cognitive empathy (MET)
Emotional empathy (MET

HC

Control
M SD
19.61 4.00
5.80 1.41

19.96
5.83

Stress

SD

3.43
1.21

SAD
Control Stress
M SD M SD
19.54 3.10 19.69 2.41
5.49 1.53 5.61 0.81

MET, Multifaceted Empathy Test.





OPS/images/fpsyt-13-875750-t001.jpg
Age

Education

Social anxiety (LSAS)
Depressive symptoms (BDI)
Psychiatric symptoms (BSI)
Chronic stress (PSS)

HC

M

27.24
4.2
19.68
3.84
49.12
12.08

Control

SD

4.49
0.58
12.72
4.11
8.34
4.89

M

28.41
4.19
23.00
2.0
48.67
12.44

Stress

SD

8.24
0.68
17.60
2.32
10.65
4.72

SAD

M

26.10
4.24
67.71
13.28
70.69
22.86

Control

SD

6.49
0.51
23.17
7.02
6.35
6.36

LSAS, Liebowitz Social Anxiety Scale; BDI, Beck Depression Inventory; BSI, Brief Symptom Inventory,; PSS, Perceived Stress Scale.

30.35
4.26
63.60
12.77
66.35
19.84

Stress

SD

10.39
0.73
21.70
10.24
9.41
5.48





OPS/images/cover.jpg
& frontiers | Frontiers in Psychiatry

Empathy Modulates the Effects
of Acute Stress on Anxious
Appearance and Social Behavior
in Social Anxiety Disorder









OPS/images/fpsyt-13-875750-g001.jpg
Preparation
&
Instructions

TSST-G
Phase |
10 min.

(anticipation)

TSST-G
Phase |l
12 min.

(speech/
reading)

TSST-G
Phase llI
8 min.

(mental
arithm./
counting)

Resting
&
Debriefing

v

ﬁ Saliva sample (cortisol)

V¥V Subjective stress rating (VAS)

@ - Heart rate recording






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OPS/images/fpsyt-13-875750-g003.jpg
Social Behavior

9 9 .
S o o 6- 61 _e,0 ®
o o il e
8 .‘( '.’. 8 ® ® D N :
® () ® o ¢ 5 7 7
7= .’(C.. - -'.- = ris C. & ‘t’ S % g D il o’
T g - ® ©  4- 44 %@
:. '..‘ ° D o oo W, T e
;- s | ol S . s ] T e
o® °_00 ®
% S o » < 3- - % 97 o0s®
oe ° e % a o o, s
5- 5{ 3 |Te%" e g0 o o
® “© ome S o] Te® @ o] gt  o®
3 X X o0 o  ° 4
.“ '.‘ > - ) o 90 .
@ & ®
2 n <C ° o0
. o ® 14 17
\\ \\
O T T 1 O T T I O : I O | |

Control TSST-G Control TSST-G Control TSST-G Control TSST-G





OPS/images/fpsyt-13-875750-g002.jpg
VAS Stress

VAS Stress

Subjective stress

80

70+

60-

50+

40-

al~

20-

104

HC

TSST |
TSST I

TSSTH

—o— Control
—— TSST-G

Conversation

20

| | I
40 60 80 100

Time

80

70-

60

50 -

40-

30+

204

104

SAD

TSST |
TSSTII

—o0— Control
—o— TSST-G

=
Q
&)

| | |
40 60 80 100
Time

B Salivary cortisol

Salivary cortisol (nmol/l)

Salivary cortisol (nmol/l)

20

18

- i -
N A~ O
] ] ]

104

HC

AUCg

14004
12004
1000+

SAD

80 100

—3

TSSTII
™ 1SSt
Con

40
TIme

| |
60 80 100

C Heart rate

105
HC —o— Control
—o— TSST-G
100
95 -
=
a
5 90-
©
§ 85-
O
T
80 -
75- e E =
(0)]
o Tl 2
| | ] |
0 10 20 30 40
Sample
(1-min avarage)
105
SAD —o— Control
—o— TSST-G
100
95-
=
)
o 90-
©
& 85-
O
T
804 ©
75- S =
12 2 2
| | | |
0 10 20 30 40
Sample

(1-min avarage)





OPS/images/fpsyt-13-875750-g005.jpg
1 Control
[ Stress

aliallml

T

7 —
6 —
5
4 -

JolAeyag |eroos

7 p=.0786

L

JolAneyag |eloos

2 {p=.0113
|

T

Jolneyag |eloos

high

medium

low

Ayjedw3 jeuoijow :10jeISPOIN

high

medium

low

Moderator: Cognitive Empathy





OPS/images/fpsyt-13-875750-g004.jpg
A Anxious appearance

emotional empathy cognitive empathy

b=-28%

no stress / stress

VY

anxious appearance
b=5.97*

Model summary: R>=.158, p =.109

B Social behavior

emotional empathy cognitive empathy

b=.51% b=.22% b=.12"

social behavior

no stress / stress

\ 4

b=-7.12%

Model summary: R?=.348, p <.001





