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Resilience, the ability to overcome adversity and face stressful demands and experiences, has been strongly associated with successful aging, a low risk of diseases and high mental and physical functioning. This relationship could be based on adaptive coping behaviors, but more research is needed to gain knowledge about the strategies employed to confront social stress. Thus, we aimed to investigate the role of the use of active or passive coping strategies by resilient people in dealing with stressful situations. For this purpose, we measured resilience, coping strategies, and perceived stress in 66 healthy older adults (31 men and 35 women) between 56 and 75 years old who were exposed to stress (Trier Social Stress Test, TSST) or a control situation. The stress response was analyzed at endocrine (cortisol) and psychological (anxiety) levels. In the stress condition, moderated mediation analysis showed a conditional indirect effect of resilience on cortisol reactivity through active coping. However, passive coping strategies did not mediate the resilience-cortisol relationship. In addition, neither active nor passive coping mediated the relationship between resilience and the anxiety response. These results suggest that resilience is associated with active coping strategies, which in turn could explain, at least in part, individual differences in the cortisol response to a psychosocial laboratory stressor. These factors may prevent the development of stress-related pathologies associated with aging and facilitate healthy and satisfactory aging.
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INTRODUCTION

Stress is considered one of the most significant health problems of the 21st century (World Health Organization, 2001), due to its contribution to numerous disorders, such as depression and sleep problems (Vos et al., 2016), and several age-related diseases (Zsoldos et al., 2014). Current research has focused on which personality or coping factors could explain individual differences in stress responsiveness, and thus provide an explanatory approach of the protective or vulnerability factors to the psychobiological effects of the stress response.

At a physiological level, the stress response is mainly characterized by the activation of two physiological systems: the autonomic nervous system, which increases blood pressure and heart rate (Allen et al., 2011), and the hypothalamic-pituitary-adrenocortical axis (HPA axis), with the consequent release of cortisol (McEwen, 2008). Furthermore, when exposed to stress, people experience emotional changes, such as increases in anxiety (Campbell and Ehlert, 2012; Villada et al., 2014a; Fan et al., 2015) and negative affect and decreases in positive affect (Schmaus et al., 2008; Villada et al., 2017). Moreover, over-reactivity of the HPA axis and heightened psychological reactivity (i.e., increased negative affect and anxiety) have been associated with increased risk of several health problems, such as cardiovascular disease, Type 2 diabetes, reduced immune function, and cognitive impairment (Kiecolt-Glaser et al., 2003; Lundberg, 2005). The allostatic load model explains the physiological effects underlying these conditions, given that a repeated or heightened HPA axis activation could led to the activation of the fight or flight response systems (i.e., cardiovascular, muscular, among others) resulting in an allostatic load, and thus multiple health problems (Sterling and Eyer, 1988; McEwen, 1998). Therefore, following the cortisol reactivity threshold model (Vrshek-Schallhorn et al., 2018), the more adaptive stress response would be characterized by moderated HPA axis activation, rather than increased HPA axis reactivity (Herman et al., 2016), and stable levels of negative emotions such as anxiety (Kiecolt-Glaser et al., 2002).

Much of this research, however, has focused on stress reactivity in young adults, even though older adults are more vulnerable to the chronic conditions associated with stress (for reviews, see: Uchino et al., 2005; Kudielka et al., 2009; Pulopulos et al., 2018). Studies with older adults have found that they tend to show a stronger cortisol response to stress and worse regulation of the HPA axis under stressful conditions (Pulopulos et al., 2018). Furthermore, most of the aforementioned health problems associated with stress have also been found to be related to the aging process (e.g., Type 2 diabetes or cognitive impairment) (Kiecolt-Glaser et al., 2003; Lundberg, 2005). Therefore, it is important to investigate the factors that can explain individual differences in the stress response of older people, in order to develop prevention programmes and intervention targets, and consider the role of the stress response in the development of health problems in this population (MacLeod et al., 2016).

There are important individual differences in the way individuals face stressful situations, which could determine their psychobiological response and, therefore, their risk of stress-related diseases. As Lazarus and Folkman (1984) indicated in their stress and coping model, individual differences in the stress response depend on both the subject's appraisal of the situation and the resources available to manage the stress. In this line, according to the broaden and build theory of positive emotions (Fredrickson, 1998), having a positive appraisal of the situation, by experiencing positive emotions even in stressful situations, broadens an individual's thought-action repertoire and may have the effect of enhancing his or her personal resources, including physical, intellectual, and social resources, thus promoting health and well-being.

In recent years, research has shown that resilience is strongly associated with an aging process characterized by low risk of disease and high mental and physical functioning (for a review on this topic, see MacLeod et al., 2016). Resilience is also considered a key factor in the optimal development of health and quality of life (Hjemdal et al., 2006; Souri and Hasanirad, 2011; Tomás et al., 2012). Resilience can be understood as an approach to managing stress that allows an individual to perceive a stressful situation as a challenge and engage in overcoming it (Connor and Davidson, 2003); resilient people experience growth and adaptation as well as recovery (Richardson, 2002). At a neurophysiological level, resilience promotes better regulation of the associations between the prefrontal cortex and hippocampus (Montes-Rodríguez and Urteaga-Urías, 2018) and enhanced control of the neural mechanisms of reward and motivation, fear responsiveness, and adaptive social behavior (Charney, 2004; Ryff, 2012).

With regard to the relationship between resilience and the stress response in older people, resilience has been suggested to modulate the association between diurnal cortisol and health by reducing alterations in daily cortisol patterns and, through this, promoting health (for review, see Gaffey et al., 2016). At a psychological level, resilience has been found to be related to positive emotions (Ong et al., 2006) and to reporting fewer adversities related to health and stress (Hildon et al., 2009). In contrast, low resilience has been associated with greater difficulties in regulating negative emotions and higher stress reactivity to daily stressors (Ong et al., 2006). To the best of our knowledge, no previous study has investigated the relationship between resilience and the psychobiological response to stressors in healthy older people. In this context, investigating the mechanisms that explain why resilient individuals have a more adaptive stress response may offer critical information to better understand inter-individual differences in stress regulation (Wu et al., 2013).

Coping strategies may be a mechanism through which resilient individuals face stressful demands and bounce back from negative experiences (Smith et al., 2015). However, several differences between resilience and coping should be acknowledged. Whereas, resilience influences how a stressful event is appraised, coping can be defined as the strategies (behavioral and cognitive) used to manage stressful demands after this appraisal. In addition, resilience seems to result in a positive response after a stressful situation, whereas coping can trigger both positive responses (e.g., active mobilization of sources) and negative responses (e.g., substance use) (Fletcher and Sarkar, 2013). In this regard, some authors have proposed that resilience promotes the active mobilization of resources under conditions of adversity. In other words, resilient individuals seem to employ adaptive coping strategies in stressful situations (Thompson et al., 2018). On the one hand, several studies have found that resilient older people use a more active coping style to manage adversity (for a review, see Southwick et al., 2005), and that resilience and active coping strategies play an important role in achieving well-being (Tomás et al., 2012; Mayordomo et al., 2016). In this regard, a study recently observed that postmenopausal females who actively coped with their condition (including engagement in planning strategies, acceptance or positive reinterpretation, and growth) showed better autonomic stress regulation (Villada et al., 2017). On the other hand, resilience also seems to be negatively related to avoidant (maladaptive) coping strategies (Hildon et al., 2009), and social withdrawal (an avoidant coping strategy) has been found to fully mediate the relationship between resilience and posttraumatic symptoms (Thompson et al., 2018). Given the strong relationship between resilience and coping and between coping and stress regulation, we expect older people with high resilience to develop active coping (adaptive) behaviors while reducing avoidance coping (maladaptive) behaviors in stressful situations, which in turn would enhance the regulation of the psychophysiological stress response.

Previous research shows the importance of resilience and coping strategies for health and well-being. The present study advances this research by systematically exploring the role of resilience and coping strategies in the stress response of older adults. The aims of this study were twofold: (1) to analyse the association between resilience and endocrine and psychological responses to acute stress in healthy older people; and (2) to investigate whether coping strategies mediate the relationship between resilience and the psychobiological response to stress. To examine this, we exposed 66 older adults to either the Trier Social Stress Test (TSST; Kirschbaum et al., 1993a) or a control situation, and measured their psychobiological stress responses in addition to resilience, coping strategies, and perceived stress.

Based on previous studies, we expected to find a negative association between resilience and cortisol and anxiety reactivity to a stressor (Mikolajczak et al., 2008; Ruiz-Robledillo et al., 2016) and a positive relationship between resilience and active coping (Thompson et al., 2018). At the same time, we expected that active coping would predict a more adaptive stress response characterized by moderated cortisol reactivity (Chida and Hamer, 2008; Villada et al., 2014b, 2017) and lower anxiety reactivity (Mahmoud et al., 2012; Villada et al., 2014b). In contrast, we expected that there would be a negative relationship between resilience and avoidance coping, and that less use of avoidance coping would predict a more adaptive stress response (Wu et al., 2013; Thompson et al., 2018). Finally, we expected that the effect of coping strategies on the relationship between resilience and the stress response would only be observed among participants in the stress condition, but not in the control condition.



MATERIALS AND METHODS


Participants

Participants recruited for this study were part of a study programme for people aged over 55 years at the university. They were interviewed to determine whether they met the study prerequisites. The exclusion criteria were as follows: smoking more than 10 cigarettes per day (following Kirschbaum et al., 1993b, 1994); abuse of alcohol (no more than 20 g/days for females and 30 g/day for males) or other drugs; having been under general anesthesia in the past 3 months; having experienced a stressful life event in the past year (e.g., death of a relative, divorce, or separation, having been fired, severe personal illness, serious personal accident or injury, serious illness in the family); presenting severe sight or hearing problems or a neurological, cardiovascular, psychiatric, endocrine, or HPA axis disease; or using drugs that can affect cognitive or emotional functioning or hormone levels (e.g., glucocorticoids, antidiabetics, antidepressants, anticoagulants, β-blockers, benzodiazepines, or hypnotics). All the females had their last period at least 2 years before the study, and none were receiving hormone replacement therapy.

The final sample consisted of 66 participants (53% female) between 56 and 75 years old (see Table 1), with a medium subjective socioeconomic status (measured using the nine-rung ‘social ladder’, cf., Adler and Stewart, 2007; SES; where 1 was the lowest education and income and the worst jobs, and 10 was the best education, income, and jobs). Of all the participants, 53.1% had an educational level above secondary school, and 82.8% were retired. The mean body mass index was 26.522 (SEM = 0.531). The stress perceived by the participants during the previous month was low (M = 17.110, SEM = 0.732), according to the scores (ranging from 0 to 56). They were all non-smokers, except one male in the stress condition who smoked four cigarettes per day. Given that he met the criteria for inclusion in the study, and that the statistical conclusions did not change after excluding this participant, we kept him in the statistical analyses.


Table 1. Means and standard errors for the study measures, in the total sample and by experimental condition and sex.
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The study was designed and carried out in accordance with the Declaration of Helsinki, and the experimental protocol was approved by the university's Ethics Committee. Participants were informed both verbally and in writing about the study content and the measures that would be taken, and each participant gave his/her written informed consent before participating in the study. To avoid anticipatory responses, they were not informed about the stress task until they received the instructions.



Procedure

Participants were invited to take part in a 2-h experimental session. They were randomly assigned to the stress (14 males and 16 females) or control (17 males and 19 females) condition. To control the circadian rhythm of cortisol secretion and sex differences in the cortisol response to stress (Allen et al., 2014; Pulopulos et al., 2018), the sessions were held in the afternoon (16–18 h or 18–20 h), and both the time when the participants started the session and sex were counterbalanced across conditions.

Participants were asked to sleep their usual number of hours, avoid intense physical exercise and the consumption of alcoholic drinks for 1 day prior to the study, and not eat or drink, smoke, or consume any type of stimulant (e.g., caffeine) for 2 h prior to the study. When participants arrived at the laboratory, the experimenter verified that they had followed these instructions. After consenting to take part in the study, participants had 55 min of habituation before performing the task. During the first 10 min, participants completed the state anxiety subscale of the State-Trait Anxiety Inventory (STAI), in order to obtain a baseline measure of their state anxiety (STAI-S pre). Then, the first saliva sample (C1) was taken 10 min after the beginning of this habituation phase to obtain the basal cortisol level. This was followed by completion of the memory task, which is not part of the current research question and consisted of viewing 60 emotional and neutral images extracted from the International Affective Picture System (IAPS; Lang et al., 2005). In the middle of this task, participants provided the second saliva sample (C2). Next, participants received instructions for the stress or control task. Participants were then informed that they had 5 min to prepare a speech (preparation phase). They provided the third saliva sample (C3) while preparing the speech. Between the Speech and Arithmetic tasks, the fourth saliva sample was collected (C4). After the stress or control task, participants were asked to remain calm for 30 min. During this period, they completed the post-task state anxiety subscale (STAI-S post) and provided the last three saliva samples (C5, C6, and C7). Finally, during the last 10 min, participants filled out the remaining questionnaires [perceived stress, coping styles, and resilience (Figure 1)], following the procedure described by Zoccola et al. (2010).


[image: Figure 1]
FIGURE 1. Timeline of the experimental session. Salivary cortisol samples: C1, C2, C3, C4, C5, C6, and C7. Psychological tests: State anxiety (STAI-S, pre and post); Resilience (CD-Risc); Coping strategies (COPE); and Perceived stress (PSS-14).




Stress and Control Tasks

The TSST (Kirschbaum et al., 1993a) was used to provoke psychological and cortisol responses to stress in the stress condition. The TSST consists of two tasks that last 5 min each: a free speech task (job interview) and an arithmetic task. During both tasks, participants had to stand at a distance of 1.5 m from a committee composed of a woman and a man. Similar to our previous studies, in order to control for other confounding variables, a member of the committee who was of the opposite sex to the participant carried out all the interactions, which also elicits increased levels of cortisol (Duchesne et al., 2012), anxiety, and discomfort (Martinson and Zerface, 1970; Dodge et al., 1987; McCubbin et al., 1991; Chorney and Morris, 2008). In addition, both tasks were recorded using a video camera and a microphone, both of which were visible to the participant. Several previous studies have shown that this task provokes robust psychological and endocrine responses to stress in young and older people (for a review, see: Pulopulos et al., 2018).

Salivary samples were collected before the introduction to the TSST during the habituation phase (−55 and −25 min pre-stress), during preparation for the TSST (−2 min pre-stress), immediately after the speech (+5 min), and after the TSST (+17, +30, and +40 min). Measurements of state anxiety were taken during the habituation and the post-task phases.

Participants assigned to the control condition performed a non-stressful task with similar mental workload and physical effort to the TSST, but without stressful components (Dickerson and Kemeny, 2004) such as social evaluation and lack of control. The control task consisted of 5 min of reading aloud, followed by 5 min of counting backward by fives (as previously used in Almela et al., 2011; Hidalgo et al., 2012). The control task was not performed in front of an audience. Saliva sampling, questionnaire administration, and phase durations were similar to those of the stress condition.



Measures
 
Stress Response
 
Salivary Cortisol

Throughout the experimental session, participants provided seven saliva samples with Salivettes (SARSTEDT, Nümbrecht, Germany). After the samples were collected, they were centrifuged at 4,000 rpm for 15 min to obtain a transparent supernatant that was stored at −80°C until the analyses were carried out. The cortisol concentrations were determined using the Salimetrics commercial salivary cortisol enzyme-linked immunosorbent assay kit (Newmarket, UK). The sensitivity of the assay was 0.007 μg/dL, and the intra- and inter-assay coefficients of variation were all below 10%. The samples from each subject were analyzed in the same assay and in duplicate.



Anxiety State

It was evaluated using the Spanish version (Seisdedos, 1988) of the STAI-S (Spielberger et al., 1970). Participants had to rate how they felt in general at the time of completing the questionnaire. The STAI-S consists of 20 items answered on a Likert scale ranging from 0 (“nothing”) to 3 (“a lot”). Cronbach's alpha for this study was α = 0.90.




Perceived Stress

To evaluate perceived stress, we used the Spanish version (Remor, 2006) of the Perceived Stress Scale (Cohen et al., 1983). The Perceived Stress Scale is a self-report questionnaire that assesses perceived stress in the past month. We intended to determine whether there were differences in perceived stress between groups before they performed the TSST or control tasks. This scale consists of 14 items with a 5-point response format (from 0 “never” to 4 “very often”), with 56 being the highest score and 0 the lowest. The higher the score, the greater the perceived stress. The Cronbach's alpha for this questionnaire in the current sample was 0.70.



Resilience

Resilience was assessed using the short version (Campbell-Sills and Stein, 2007) of the Connor-Davidson Resilience Scale (CD-Risc) (Connor and Davidson, 2003). The 10-item CD-Risc scale assesses one's ability to evaluate and face adversity and stress during the past month (e.g., able to adapt to change, face adversities, and bounce back, and belief that one can deal with whatever comes). The Spanish version of the scale (Notario-Pacheco et al., 2011) consists of 10 items rated on a 5-point Likert scale (0 = “rarely”, 4 = “almost always”). The results obtained range from 0 to 40, and higher scores indicate higher levels of resilience. The CD-Risc is considered a good measure of resilience, given that it has been related to lower post-traumatic symptoms, increased social support, active coping strategies, and quality of life, less perceived stress and depression, and fewer avoidant coping strategies (Serrano-Parra et al., 2013; Thompson et al., 2018). Cronbach's alpha for this study was α = 0.80.



Coping Strategies

Coping strategies were examined using the Spanish version of the Coping Orientations to Problems Experienced Inventory (COPE; Crespo and Cruzado, 1997). The COPE is a self-report questionnaire on which subjects have to indicate what they usually feel and do in a stressful situation. The items are rated on a 4-point Likert scale from 1 (“I do not usually do it”) to 4 (“I usually do this a lot”). The questionnaire consists of 60 items grouped into 15 subscales (social support, religion, humor, alcohol or drugs, planning and active coping, avoiding coping, focusing on emotions, acceptance, denial, restraint coping, concentrating efforts to solve the situation, personal growth, positive reinterpretation, behavioral disengagement, and escape). These 15 subscales can be grouped into second-order factors with a four-factor structure that includes active, cognitive, and emotional coping (i.e., active coping strategies), and avoidance (i.e., passive coping strategies) (Carver et al., 1989; Hasking and Oei, 2002). Because the majority of the studies have related resilience to active and avoidance coping (for review, see Southwick et al., 2005), we used these two second-order factors to determine whether resilience leads to more adaptive and less maladaptive coping strategies. We employed the active (planning, active coping, and suppression of competing activities) and avoidance (behavioral disengagement, mental disengagement, denial, and religious coping) factors. In our data, Cronbach's alpha for all the items was α = 0.74. Cronbach's alphas for active coping and avoidance coping were α = 0.76 and α = 0.70, respectively.

There is no consensus about the relationship between resilience and emotional coping. This may be due to the nature of the scale itself, which includes different responses ranging from the adaptive mobilization of sources (i.e., seeking emotional support) to the expression of negative emotions (i.e., venting emotions), suggesting that emotional coping is not essentially adaptive or maladaptive (Carver and Connor-Smith, 2010). In the current study, Cronbach's alpha for emotional coping was α = 0.75; however, cognitive coping showed a low Cronbach's alpha that was not adequate (α = 0.42). In addition, the analyses carried out with these factors confirmed they do not mediate the relationship between resilience and stress outcomes (cortisol and anxiety). Therefore, these results have not been reported.




Data Management and Statistical Analysis

Cortisol values were not normally distributed and, therefore, were log transformed. Cortisol reactivity was calculated by subtracting pre-stress levels (mean −55 min, −25 min, and −2 min) from the highest cortisol indexes reached for each participant. Anxiety reactivity was calculated as the difference between the pre- and post-task measures for each condition (Almela et al., 2012; Villada et al., 2014a, 2018). The area under the curve with respect to the increase (AUCi) for cortisol values was computed as an index of the cortisol response to TSST (for the formula see: Pruessner et al., 2003).

The Student's t-test for independent samples and the X2 test were performed to evaluate the differences between groups in psychological variables and educational level, respectively.

A mixed analysis of variance (ANOVA) was used to investigate the differences between conditions in the changes in cortisol and anxiety levels during the session, with time (cortisol: −55, −25, −2, +5, +17, +30, +40 min; anxiety: pre-task vs. post-task) as the within-subject factor and condition (stress vs. control) and sex (males vs. females) as the between-subject factors. The statistical conclusion remains the same if the analyses are repeated using mixed-effects regression. Two-way ANOVAs were used to study condition and sex differences in cortisol reactivity and AUCi indexes. Pearson correlations were used to investigate the relationship between resilience and delta changes in cortisol and anxiety.

Following Preacher et al. (2007), we performed moderated mediation analyses to investigate whether coping strategies mediate the relationship between resilience and cortisol and anxiety responses in the stress condition. It is generally agreed that there should only be one requirement to establish mediation: the indirect effect (a*b) has to be significant (Zhao et al., 2010; Hayes, 2017). For cortisol, we entered resilience as the independent variable, active coping as the mediator variable, cortisol reactivity as the dependent variable, and condition (stress or control) as the moderator variable. Standardized values were used to perform the moderated mediation analysis. Bias-corrected bootstrapping was conducted to assess the mediating effect of active coping on the relationship between resilience and cortisol reactivity. We also observed the moderator effect of the condition in the relationships between resilience and cortisol reactivity and between active coping and cortisol reactivity. The same methods were employed with avoidance coping as a mediator. When anxiety reactivity was examined as the dependent variable, we carried out the same analyses, with active and avoidance coping as mediators and condition (stress or control) as moderator. Bootstrap data resampling procedures establish confidence intervals (CIs) to test the statistical significance of an indirect effect (Shrout and Bolger, 2002). Confidence intervals are considered statistically significant when they do not include zero. The analysis was based on 10,000 bootstrap iterations, and the CI was set at 95%, as recommended by Mallinckrodt et al. (2006). Post-hoc power analysis showed that all the relationships included in the mediations presented an adequate power >0.80, with an alpha level of p = 0.05. Only the relationship between resilience and avoidance coping showed a statistical power of 0.247. However, these power analyses are based on linear regression analyses. Although the sample size can be considered relatively small, the bootstrap technique draws random samples of a fixed sample size with replacement from the dataset, which increases the statistical power. This type of statistical approach takes the real sample size into consideration and controls for this factor in the analyses (Hayes, 2017). Therefore, the use of bootstrap-corrected confidence intervals solves the issues of a relatively small sample size. We used Hayes' PROCESS macro (Hayes, 2017), specifically model number 15, with SPSS (version 26; IBM Corporation, Armonk, NY, USA). One outlier in the cortisol data (one male in the control condition) and four outliers in the anxiety data (two females: one in the stress condition and one in the control condition; two males: one in the stress condition and one in the control condition) were winsorized by replacing extreme values that differed by more than three standard deviations (SD) from the mean with the value corresponding to ±3 SD. No differences were found in the analyses of cortisol, anxiety, or moderated mediations after excluding the outliers. The different numbers of participants included in the analyses of cortisol and the psychological variables are explained by missing values.

Post-hoc planned comparisons were performed using Bonferroni adjustments for the p-values. The level of significance was set at 0.05. When not otherwise specified, the results are presented as means ± SEM. All statistical analyses were performed with SPSS 26.0. For an easy interpretation of the figures, the values shown represent raw values and not log-transformed values.




RESULTS


Preliminary Results
 
Sample Characteristics

Table 1 shows sample characteristics. No significant differences between conditions were found for age (t = −1.321, p = 0.191), SES (t = 0.583, p = 0.562), BMI (t = 0.330, p = 0.743), educational level (X2 = 3.662, p = 0.599), resilience (t = 0.177, p = 0.860), coping strategies (all p > 0.05), or perceived stress (t = 1.282, p = 0.205).



Cortisol Response1

The mixed ANOVA showed effects of time [F(1.99,109.92) = 9.884, p < 0.001, [image: image] = 0.152], sex [F(1,55) = 9.140, p = 0.004, [image: image] = 0.143], condition [F(1,55) = 21.299, p < 0.001, [image: image] = 0.279], and the time and condition interaction [F(1.99,109.92) = 17.092, p < 0.001, [image: image] = 0.237]. Post-hoc analyses revealed that cortisol levels were higher in males than in females. Specifically, cortisol levels were significantly higher in the stress condition than in the control condition in all the samples (all p < 0.020), except −55 min (p = 0.087). In the stress condition, there were no significant differences between the first four salivary samples (all p > 0.100). However, cortisol levels were significantly higher after the stress task than during the stress task (+5 min vs. +17 min: p < 0.001). After peaking (+30 min), cortisol concentrations decreased until they showed no statistically significant differences from those of the habituation period (+40 min vs. −55 min: p = 0.235). In the control condition, there was a significant decrease in cortisol levels from the −55-min to −25-min saliva samples (p = 0.003). No other differences in cortisol levels were observed during the control session (all p > 0.05) (see Figure 2).


[image: Figure 2]
FIGURE 2. Salivary cortisol concentrations for stress (n = 27) and control (n = 32) conditions. Depicted values are means and error bars represent the SEM of raw cortisol values (*p < 0.020).


There were also differences in cortisol reactivity between conditions (p < 0.01). Participants in the stress condition demonstrated a response to the task, whereas those in the control condition did not (stress: M = 0.250, SEM = 0.044; control: M = p > 0.007, SEM = 0.038). Cortisol differences between conditions were also found in the AUCi [F(1,58) = 15.102, η2p = 0.207, p < 0.001]; participants in the stress condition showed higher AUCi values than participants in the control condition (p < 0.001). No differences were found between sexes in AUCi or cortisol reactivity levels (all p > 0.500).



Anxiety Response

The mixed ANOVA showed significant effects of time [F(1,62) = 19.005, p < 0.001, [image: image] = 0.235] and the time × condition interaction [F(1,62) = 38.123, p < 0.001, [image: image] = 0.381]. No baseline differences between conditions were found (p = 0.098). However, participants in the stress condition showed higher levels of anxiety after the task than participants in the control condition (p = 0.001). Moreover, participants in the stress condition showed higher levels of anxiety after the task than before it (p < 0.001). Anxiety levels in the control participants did not change significantly (p = 0.183) (Figure 3).


[image: Figure 3]
FIGURE 3. Pre- and post-task anxiety for stress (n = 30) and control (n = 36) conditions.





Role of Resilience in Psychobiological Stress Response
 
Relationship Between Resilience and Stress Indicators

Pearson correlations showed no significant relationships between resilience and cortisol reactivity (stress: r = 0.226, p > 0.05; control: r = −0.101, p > 0.05) or anxiety reactivity (stress: r = −0.034, p > 0.05; control: r = −0.152, p > 0.05) in either condition.



Testing the Moderated Mediation Model: Cortisol Response

Active coping, understood as a second-order factor, was tested as a mediator in the association between resilience and cortisol reactivity. Moderated mediation analysis showed that higher resilience was associated with higher active coping (path a: B = 0.294, SE = 0.122, p = 0.019).

With regard to the moderating effect of condition in the relationship between resilience and cortisol reactivity and between active coping and cortisol reactivity, we observed that the interaction effects between resilience and the stress condition (p = 0.029) and between active coping and the stress condition (p = 0.009) were significant.

The relationship between active coping and cortisol reactivity was negative and significant in the stress condition (path b: B = −0.437, SE = 0.151, t = −2.891, p = 0.005), but not in the control condition (path b: B = 0.165, SE = 0.163, t = 1.008, p = 0.317). Analysis of the conditional direct effect of the relationship between resilience and cortisol reactivity, controlling for active coping, showed a significant direct effect in the stress condition (path c': B = 0.409, SE = 0.182, p = 0.029), but not in the control condition (path c': B = −0.103, SE = 0.139, p = 0.460). The conditional indirect effect of resilience on cortisol reactivity through active coping was examined for both conditions. The results showed an indirect effect of resilience on cortisol reactivity through active coping in the stress condition (path ab: B = −0.128, 95% CI = −0.329 to −0.008), but not in the control condition (path ab: B = 0.048, 95% CI = −0.013 to 0.152) (Figure 4).


[image: Figure 4]
FIGURE 4. Moderation and mediation analysis with stress condition, using bias-corrected bootstrapping in conjunction with multiple regression analysis. Numbers on the lines show B and p-values. Solid lines indicate direct and indirect effects; dashed lines indicate moderations. Results are reported only for the stress condition. Resilience was positively related to active coping (path a: B = 0.294, SE = 0.122, t = 2.401, p = 0.019). Stress condition moderated the relationship between active coping and cortisol reactivity (active coping x condition: p = 0.009), and it also moderated the relationship between resilience and cortisol reactivity (resilience x condition: p = 0.029). The relationship between active coping and cortisol reactivity was significant for the stress condition (path b: B = −0.437, SE = 0.151, t = −2.891, p = 0.005). The conditional direct effect of the relationship between resilience and cortisol reactivity was also significant for the stress condition (path c': B = 0.409, SE = 0.182, p = 0.029, 95% confidence interval = 0.043 to 0.775). There was an indirect effect of resilience on cortisol reactivity through active coping in the stress condition (path ab: B = −0.128, 95% confidence interval = −0.329 to −0.008).


Regarding the moderated mediation analysis between resilience and cortisol reactivity through avoidance coping, Table 2 shows that the relationship between resilience and avoidance coping was not significant (path a: B = −0.055, SE = 0.130, p = 0.672). Moreover, neither the interaction effect between resilience and the stress condition (p = 0.268) nor the interaction effect between avoidance coping and the stress condition (p = 0.461) was significant. Analysis of the conditional direct effect of the relationship between resilience and cortisol reactivity, controlling for avoidance coping, did not show a significant direct effect in the stress condition (path c': B = 0.231, SE = 0.188, p = 0.225) or the control condition (path c': B = −0.030, SE = 0.139, p = 0.828). Finally, the conditional indirect effect of resilience on cortisol reactivity through avoidance coping was not significant in the stress condition (path ab: B = −0.016, 95% CI = −0.117 to 0.086) or the control condition (path ab: B = −0.007, 95% CI = −0.066 to 0.019). The findings observed with cortisol reactivity are not replicated with AUCi. However, we would like to note that this is not uncommon in cortisol research because these two indexes reflect different information (see Pulopulos et al., 2018, 2020).


Table 2. Moderated mediation between resilience and cortisol reactivity through avoidance coping.
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Testing the Moderated Mediation Model: Anxiety Response

Table 3 presents the results of the moderated mediation analysis of resilience and anxiety reactivity through active coping. The relationship between resilience and active coping was significant (path a: B = 0.343, SE = 0.118, p = 0.005). However, neither the interaction effect between resilience and the stress condition (p = 0.573) nor the interaction effect between active coping and the stress condition (p = 0.346) was significant. Therefore, analysis of the conditional direct effect of the relationship between resilience and anxiety reactivity, controlling for active coping, did not show a significant direct effect in the stress condition (path c': B = 0.049, SE = 0.144, p = 0.734) or the control condition (path c': B = −0.055, SE = 0.116, p = 0.633). Finally, the conditional indirect effect of resilience on anxiety reactivity through active coping was not significant in the stress condition (path ab: B = −0.085, 95% CI = −0.275 to 0.017) or the control condition (path ab: B = −0.026, 95% CI = −0.112 to 0.045). As Table 3 indicates, the moderated mediation analysis of resilience and anxiety reactivity through avoidance coping showed that the relationship between resilience and avoidance coping was not significant (path a: B = −0.024, SE = 0.126, p = 0.847). Moreover, neither the interaction effect between resilience and the stress condition (p = 0.933) nor the interaction effect between avoidance coping and the stress condition (p = 0.942) was significant. Therefore, the conditional direct effect of the relationship between resilience and anxiety reactivity, controlling for avoidance coping, did not show a significant direct effect in the stress condition (path c': B = 0.057, SE = 0.144, p = 0.694) or the control condition (path c': B = −0.072, SE = 0.115, p = 0.531). Moreover, the conditional indirect effect of resilience on anxiety reactivity through avoidance coping was not significant in the stress condition (ab: B = −0.001, 95% CI = −0.032 to 0.033) or the control condition (ab: B = −0.001, 95% CI = −0.034 to 0.028).


Table 3. Moderated mediation between resilience and anxiety reactivity through active or avoidance coping.
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DISCUSSION

The general purpose of the present study was to examine the role of resilience in health and well-being in older people by analyzing several components of their stress response. First, we investigated how resilience is related to the psychobiological response to an acute psychosocial stressor (i.e., the TSST). Second, we examined the mediating role of coping strategies in the relationship between resilience and the endocrine and psychological responses to this stressor. Our results showed that resilience was not directly related to cortisol or anxiety responses to the stressor. However, active coping strategies mediated resilience's relationship with cortisol, but not with anxiety. In contrast, passive coping strategies did not mediate the relationship between resilience and psychobiological components of the stress response. The current findings highlight the importance of resilience and coping in the regulation of the stress response, suggesting that these are factors that may prevent the development of stress-related pathologies associated with aging and facilitate healthy and satisfactory aging. Following the allostatic load model, the benefits of resilience and active coping on health could be due to a better regulation of the HPA axis in these people, as observed in this study. It should be noted that, although some participants in our sample were relatively young (the ages ranged from 56 to 75, and the mean age was nearly 65 years), our results are consistent with those from studies employing older samples (Hildon et al., 2009; Tomás et al., 2012).


Resilience and the Psychobiological Response

In agreement with previous findings in older people, the stress task used in our study provoked an acute increase in cortisol and anxiety levels, compared to the control task (for reviews, see Allen et al., 2014; Pulopulos et al., 2018). Although there is an existing relationship between increased general fat tissue and altered HPA axis (Champaneri et al., 2013), little is known about the relationship between BMI and cortisol stress reactivity (Therrien et al., 2010). We did not find an association between BMI and cortisol reactivity in the stress nor in the control group. These results are in line with other studies, which do not find differences between obese and non-obese participants in the cortisol reactivity to the TSST in people aged from 50 to 70 years old (Jayasinghe et al., 2014) and in young people (Therrien et al., 2010; Herhaus and Petrowski, 2018; but see Cano-López et al., 2019 as an exception), suggesting that an increase in body mass is not associated to cortisol reactivity to an acute stressor. Moreover, contrary to our hypothesis, resilience was not correlated with cortisol or anxiety responses to the stressor. Two previous studies found that highly resilient individuals had lower overall cortisol secretion during acute stress than their less resilient peers (Mikolajczak et al., 2008; Ruiz-Robledillo et al., 2016). However, two other studies found that, consistent with our findings, resilience was not related to cortisol reactivity to the TSST (Simeon et al., 2007; García-León et al., 2019). With regard to anxiety, some studies found that resilience was associated with fewer anxiety symptoms (Hjemdal et al., 2010; Shi et al., 2015) and attenuated anxiety after a stressor (Ruiz-Robledillo et al., 2016), whereas others only found this association in females (Carvalho et al., 2016). Nevertheless, in our study, resilience was analyzed as a continuous variable, with no differentiation between individuals with high and low resilience. In addition, past research has focused on young people and people in chronic stress conditions, such as caregivers of people with autism, patients with cardiovascular diseases, and medical students, which could already have an altered HPA response. It has been found that whereas acute stress causes transient effects on the HPA response, chronic stress produces prolonged HPA activity, which led to an impaired negative feedback and both high and low long-term cortisol levels (Miller et al., 2007; Marković et al., 2011). Our results suggest that resilience alone is not related to the psychobiological response to an acute stressor in healthy older people.



The Mediating Role of Active Coping Strategies in the Relationship Between Resilience and Cortisol

Despite failing to confirm our first hypothesis, we found that coping plays an important role in the relationship between resilience and stress regulation. It has been suggested that resilience is related to active coping strategies, which, in turn, influence well-being (Tomás et al., 2012; Smith et al., 2015). In our study, we observed that resilience was positively related to active coping, and that more active coping led to lower cortisol reactivity (i.e., partial mediation). Moreover, resilience was positively related to cortisol reactivity when controlling for active coping, but only in the stress condition. These results suggest that the relationships among resilience, coping, and stress reactivity may be explained by a competitive mediation [i.e., with a mediated effect (ab) and a direct effect (c) both existing and pointing in different directions; Zhao et al., 2010]. The positive direct association between resilience and cortisol reactivity suggests the possible existence of secondary mediators that we did not examine. This positive direct association indicates that in future mediations, the sign of the indirect mediation will be positive. That is, resilience will be positively related to the mediator, and the mediator will be positively related to cortisol reactivity (Zhao et al., 2010). Future research should include other physiological variables in order to explore other resilience biomarkers. Heart rate variability is one possible biomarker which has been proposed as an objective measure of cognitive flexibility, the ability to adapt to stress, and resilience (for a review, see Perna et al., 2019).

It is also possible that only resilient individuals who use active (adaptive) coping strategies are able to have a more adaptive stress response (Gloria and Steinhardt, 2014). Our finding showing a positive relationship between resilience and cortisol reactivity after controlling for active coping might support this idea. This relationship was not found in the previous correlations when we did not control for active coping. These results are consistent with studies showing that resilience is positively related to active coping strategies (Tomás et al., 2012; Mayordomo et al., 2016; Thompson et al., 2018), and that active coping has a positive influence on the physiological regulatory functions in situations of stress (Villada et al., 2017). Together, following Lazarus and Folkman model (1984) the current evidence suggests that resilience enhances the use of effective coping strategies as a resource to manage stress (Connor and Davidson, 2003), and it supports the idea that resilience and coping strategies are different constructs. In this line, according to the broaden-and-build theory of positive emotions (Fredrickson, 1998), resilient individuals may be aware of the benefits of positive emotions in stressful situations, appraising the situation positively and developing more effective and adaptive strategies to manage stress (Feder et al., 2009; Gloria and Steinhardt, 2014), leading them to deal with and recover from these situations more easily (Tugade and Fredrickson, 2004).

We can also speculate that these findings may reflect the neurobiological processes underlying resilience. Studies have shown that, in resilient individuals, greater gray matter volumes in the ventral medial prefrontal cortex, the rostral anterior cingulate cortex (ACC), and the subgenual ACC modulate the emotional responsiveness of the amygdala and its subsequent effective stress response (Feder et al., 2009; van der Werff et al., 2013). More precisely, the cortical thickness of the ACC has been positively associated with resilience and positive coping styles (Gupta et al., 2016; Holz et al., 2016). Therefore, the cortical thickness and volume of the ACC may be responsible for the feedback inhibition of the amygdala and, thus, explain individual differences in the extent and duration of stress circuit activations in resilient individuals (Carnevali et al., 2018). However, we did not measure the activity and connectivity of these areas, and so further studies are warranted.



No Mediating Role of Active Coping Strategies in the Relationship Between Resilience and Anxiety

With regard to the anxiety response, and in contrast with our hypothesis, active coping did not mediate the relationship between resilience and the psychological response to a stressor. These results could be due to the lack of precision in our anxiety measure. The cortisol response is evaluated through seven measures during the entire stressful situation, whereas the anxiety response is only evaluated through two measures, before and after the stressful situation. Therefore, using only a pre- and post-anxiety measure could produce misleading results because emotional states have been found to change rapidly and interact with other emotional processes preceding the endocrine response, which is slower (Schlotz et al., 2008). Moreover, the baseline anxiety measure may not reflect a neutral anxiety state due to expectations about the experiment. Therefore, it would be informative to collect the measures while people experience stress (not before or after it) (Campbell and Ehlert, 2012). Additional explanations could be related to the concept of emotion regulation. In adults, emotion regulation increases with age (Charles and Piazza, 2009), and this capacity may facilitate control over their emotional arousal (Nielsen et al., 2008). Therefore, in the present study, anxiety reactivity in the participants in the stress condition might have been more dependent on their age and less influenced by resilience or active coping strategies. Overall, the mixed results obtained for the influence of resilience on physiological and psychological variables are consistent with psychoendocrinological studies that show no correspondence between physiological and affective responses to laboratory stress tasks (Campbell and Ehlert, 2012; Villada et al., 2014b). Our results suggest that physiological and psychological reactions to a stressor apparently work in different ways, with precise and different data collection being necessary in each case (Campbell and Ehlert, 2012).



The Role of Avoidance Coping Strategies

Unexpectedly, in the present study, resilience did not predict avoidance coping strategies, and avoidance coping was not related to cortisol or anxiety reactivity. Although this result did not support our hypothesis, our findings agree with a recent study showing that avoidance coping was not associated with or dependent on resilience (Smith et al., 2015). One explanation could be that a decrease in passive (maladaptive) coping strategies (i.e., mental disengagement and denial) would influence the way the individual evaluates the event and have a growing influence on resilience (Gloria and Steinhardt, 2014), and perhaps, on his or her engagement in active coping strategies (Thompson et al., 2018). Therefore, less use of maladaptive coping strategies would predict resilience, in contrast to our primary explanation that resilience triggers less use of maladaptive strategies, which was our hypothesis. As explained above, resilient individuals seem to experience positive emotions when a stressful situation occurs, rather than negative emotions, as in avoidance coping (Mayordomo et al., 2016). Thus, the fact that resilient people tend to exhibit lower levels of denial and experience more positive emotions during stressful situations triggers an upward spiral toward active coping and enhanced well-being (Fredrickson, 2001).



Limitations

Despite this study's novel findings, some limitations should be considered. First, the results of this study should be replicated in larger samples with different ages and/or age-related diseases (i.e., diabetic or hypertensive older people) to ensure its generalization to the whole population given that our participants were selected based on their good physical and psychological health. Second, due to small sample size and in order to do not reduce the power of our statistical analyses, we did not study the role of sex on the relationships among resilience, coping, and cortisol. So, further studies are needed to investigate the influence of sex on these relationships. Third, the timing of the measurements is an important aspect to consider. In our study, we measured stable psychological aspects at the end of the session. Although no differences between conditions were observed with these measures, the stress task might have affected the responses. Future studies may benefit from asking the participants to complete the questionnaire on a different day and in non-stressful conditions. In addition, future research on the psychological response to stress exposure should add repeated real-time emotional reports, and not just pre- and post-task measures, in order to more adequately represent the stress experience. Finally, given the cross-sectional nature of this study, causality and directionality could not be determined.




CONCLUSIONS AND FUTURE DIRECTIONS

In conclusion, the results of this study suggest that greater resilience is associated with active coping strategies, which, in turn, are related to a lower cortisol response to stress in healthy older people. These results differ from those found for young individuals, in whom resilience was directly related to the psychological and physiological response to an acute stressor. Our results highlight the importance of the relationship between resilience and active coping strategies and are in line with other studies investigating this relationship in older samples. However, to the best of our knowledge, this is the first study to investigate the relationships between resilience, coping, and psychobiological factors such as cortisol and anxiety, using a laboratory-based stress paradigm in healthy older people.

Future research on stress protective factors should integrate resilience and coping into a theoretical framework where environmental and social support agents, such as community programmes or support groups, may play an important role in overcoming obstacles and enhancing personal growth (Fletcher and Sarkar, 2013; MacLeod et al., 2016). It is also important to investigate the moderating effects of resilience on other situational factors, such as adverse childhood experiences or chronic stressors (Connor et al., 2003). Overall, we encourage future studies to further examine the relationship between resilience and physiological and emotional stress responses in order to advance in this area. These studies would help to design interventions that consider the central role of resilience in the coping process and in overcoming stress-related pathologies, in an effort to improve the well-being of older people.
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FOOTNOTES

1As BMI is clearly associated to HPA-axis functioning, we tested the relationship between the BMI and cortisol changes for the two conditions but no significant correlations were found (both p > 0.05).



REFERENCES

 Adler, N., and Stewart, J. (2007). The MacArthur Scale of Subjective Social Status. MacArthur Research Network on SES & Health. Available online at: https://macses.ucsf.edu/research/psychosocial/subjective.php

 Allen, A. P., Kennedy, P. J., Cryan, J. F., Dinan, T. G., and Clarke, G. (2014). Biological and psychological markers of stress in humans: focus on the trier social stress test. Neurosci. Biobeh. Rev. 38, 94–124. doi: 10.1016/j.neubiorev.2013.11.005

 Allen, M. T., Bocek, C. M., and Burch, A. E. (2011). Gender differences and the relationships of perceived background stress and psychological distress with cardiovascular responses to laboratory stressors. Int. J. Psychophys. 81, 209–217. doi: 10.1016/j.ijpsycho.2011.06.013

 Almela, M., Hidalgo, V., Villada, C., van der Meij, L., Espín, L., Gómez-Amor, J., et al. (2011). Salivary alpha-amylase response to acute psychosocial stress: the impact of age. Biol. Psychol. 87, 421–429. doi: 10.1016/j.biopsycho.2011.05.008

 Almela, M., van der Meij, L., Hidalgo, V., Villada, C., and Salvador, A. (2012). The cortisol awakening response and memory performance in older men and women. Psychoneuroendocrinology 37, 1929–1940. doi: 10.1016/j.psyneuen.2012.04.009

 Campbell, J., and Ehlert, U. (2012). Acute psychosocial stress: Does the emotional stress response correspond with physiological responses? Psychoneuroendocrinology 37, 1111–1134. doi: 10.1016/j.psyneuen.2011.12.010

 Campbell-Sills, L., and Stein, M. B. (2007). Psychometric analysis and refinement of the Connor–Davidson Resilience Scale (CD-RISC): validation of a 10-item measure of resilience. J. Trauma. Stress. 20, 1019–1028. doi: 10.1002/jts.20271

 Cano-López, I., Cano-López, B., Hidalgo, V., Salvador, A., and González-Bono, E. (2019). Stress response and appetite regulation in overweight and normal-weight young men: preliminary data. Psychol. Stud. (Mysore). 64, 21–29. doi: 10.1007/s12646-019-00479-1

 Carnevali, L., Koenig, J., Sgoifo, A., and Ottaviani, C. (2018). Autonomic and brain morphological predictors of stress resilience. Front. Neurosci. 12:228. doi: 10.3389/fnins.2018.00228

 Carvalho, I. G., Santos Bertolli, E., Paiva, L., Rossi, L. A., Dantas, R. A. S., and Pompeo, D. A. (2016). Anxiety, depression, resilience and self-esteem in individuals with cardiovascular diseases. Rev. Lat. Am. Enfermagem 24:e2836. doi: 10.1590/1518-8345.1405.2836

 Carver, C. S., and Connor-Smith, J. (2010). Personality and coping. Annu. Rev. Psychol. 61, 679–704. doi: 10.1146/annurev.psych.093008.100352

 Carver, C. S., Scheier, M. F., and Weintraub, J. K. (1989). Assessing coping strategies: a theoretically based approach. J. Pers. Soc. Psychol. 56, 267. doi: 10.1037/0022-3514.56.2.267

 Champaneri, S., Xu, X., Carnethon, M. R., Bertoni, A. G., Seeman, T., DeSantis, A. S., et al. (2013). Diurnal salivary cortisol is associated with body mass index and waist circumference: the Multiethnic Study of Atherosclerosis. Obesity. 21, E56–E63. doi: 10.1002/oby.20047

 Charles, S. T., and Piazza, J. R. (2009). Age differences in affective well-being: context matters. Soc. Personal. Psychol. Compass. 3, 711–724. doi: 10.1111/j.1751-9004.2009.00202.x

 Charney, D. S. (2004). Psychobiological mechanisms of resilience and vulnerability: Implications for successful adaptation to extreme stress. Am. J. Psychiatry. 161, 195–216. doi: 10.1176/appi.ajp.161.2.195

 Chida, Y., and Hamer, M. (2008). Chronic psychosocial factors and acute physiological responses to laboratory-induced stress in healthy populations: a quantitative review of 30 years of investigations. Psychol. Bull. 134:829. doi: 10.1037/a0013342

 Chorney, D. B., and Morris, T. L. (2008). The changing face of dating anxiety: issues in assessment with special populations. Clin. Psychol. 15, 224–238. doi: 10.1111/j.1468-2850.2008.00132.x

 Cohen, S., Kamarck, T., and Mermelstein, R. (1983). A global measure of perceived stress. J. Health Soc. Behav. 24, 385–396. doi: 10.2307/2136404

 Connor, K. M., and Davidson, J. R. (2003). Development of a new resilience scale: The Connor-Davidson Resilience Scale (CD-RISC). Depress. Anxiety. 18, 76–82. doi: 10.1002/da.10113

 Connor, K. M., Davidson, J. R. T., and Lee, L. C. (2003). Spirituality, resilience, and anger in survivors of violent trauma: a community survey. J. Trauma. Stress. 16, 487–494. doi: 10.1023/a:1025762512279

 Crespo, M., and Cruzado, J. A. (1997). La evaluación del afrontamiento: adaptación española del cuestionario COPE con una muestra de estudiantes universitarios. Análisis y Modificación de conducta, 23: 797–830.

 Dickerson, S. S., and Kemeny, M. E. (2004). Acute stressors and cortisol responses: a theoretical integration and synthesis of laboratory research. Psychol. Bull. 130, 355–391. doi: 10.1037/0033-2909.130.3.355

 Dodge, C. S., Heimberg, R. G., Nyman, D., and O'Rien, G. T. (1987). Daily heterosocial interactions of high and low socially anxious college students: a diary study. Behav. Ther. 18, 90–96. doi: 10.1016/S0005-7894(87)80054-0

 Duchesne, A., Tessera, E., Dedovic, K., Engert, V., and Pruessner, J. (2012). Effects of panel sex composition on the physiological stress responses to psychosocial stress in healthy young men and women. Biol. Psychol. 89, 99–106. doi: 10.1016/j.biopsycho.2011.09.009

 Fan, L. B., Blumenthal, J. A., Watkins, L. L., and Sherwood, A. (2015). Work and home stress: associations with anxiety and depression symptoms. Occup. Med. (Chic. Ill). 65, 110–116. doi: 10.1093/occmed/kqu181

 Feder, A., Nestler, E. J., and Charney, D. S. (2009). Psychobiology and molecular genetics of resilience. Nat. Rev. Neurosci. 10, 446–457. doi: 10.1038/nrn2649

 Fletcher, D., and Sarkar, M. (2013). Psychological resilience. Eur. Psychol. 18, 12–23. doi: 10.1027/1016-9040/a000124

 Fredrickson, B. L. (1998). What good are positive emotions? Rev. Gen. Psychol. 2, 300–319. doi: 10.1037/1089-2680.2.3.300

 Fredrickson, B. L. (2001). The role of positive emotions in positive psychology: the broaden-and-build theory of positive emotions. Am. Psychol. 56, 218–226. doi: 10.1037/0003-066x.56.3.218

 Gaffey, A. E., Bergeman, C., Clark, L. A., and Wirth, M. M. (2016). Aging and the HPA axis: stress and resilience in older adults. Neurosci. Biobeh. Rev. 68, 928–945. doi: 10.1016/j.neubiorev.2016.05.036

 García-León, M. Á., Pérez-Mármol, J. M., Gonzalez-Pérez, R., García-Ríos, M. C., and Peralta-Ramírez, M. I. (2019). Relationship between resilience and stress: Perceived stress, stressful life events, HPA axis response during a stressful task and hair cortisol. Physiol. Behav. 202, 87–93. doi: 10.1016/j.physbeh.2019.02.001

 Gloria, C. T., and Steinhardt, M. A. (2014). Relationships among positive emotions, coping, resilience and mental health. Stress Health 32, 145–156. doi: 10.1002/smi.2589

 Gupta, A., Love, A., Kilpatrick, L. A., Labus, J. S., Bhatt, R., Chang, L., et al. (2016). Morphological brain measures of cortico-limbic inhibition related to resilience. J. Neurosci. Res. 95, 1760–1775. doi: 10.1002/jnr.24007

 Hasking, P. A., and Oei, T. P. S. (2002). Confirmatory factor analysis of the COPE questionnaire on community drinkers and an alcohol-dependent sample. J. Stud. Alcohol. 63, 631–640. doi: 10.15288/jsa.2002.63.631

 Hayes, A. F. (2017). Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. New York, NY: Guilford publications.

 Herhaus, B., and Petrowski, K. (2018). Cortisol stress reactivity to the trier social stress test in obese adults. Obes. Facts. 11, 491–500. doi: 10.1159/000493533

 Herman, J. P., McKlveen, J. M., Ghosal, S., Kopp, B., Wulsin, A., Makinson, R., et al. (2016). Regulation of the hypothalamic-pituitary-adrenocortical stress response. Compr. Physiol. 6, 603–621. doi: 10.1002/cphy.c150015

 Hidalgo, V., Villada, C., Almela, M., Espín, L., Gómez-Amor, J., and Salvador, A. (2012). Enhancing effects of acute psychosocial stress on priming of non-declarative memory in healthy young adults. Stress 15, 329–338. doi: 10.3109/10253890.2011.624224

 Hildon, Z., Montgomery, S. M., Blane, D., Wiggins, R. D., and Netuveli, G. (2009). Examining resilience of quality of life in the face of health-related and psychosocial adversity at older ages: what is “right” about the way we age? Gerontologist 50, 36–47. doi: 10.1093/geront/gnp067

 Hjemdal, O., Friborg, O., Stiles, T. C., Rosenvinge, J. H., and Martinussen, M. (2006). Resilience predicting psychiatric symptoms: a prospective study of protective factors and their role in adjustment to stressful life events. Clin. Psychol. Psychother 13, 194–201. doi: 10.1002/cpp.488

 Hjemdal, O., Vogel, P. A., Solem, S., Hagen, K., and Stiles, T. C. (2010). The relationship between resilience and levels of anxiety, depression, and obsessive-compulsive symptoms in adolescents. Clin. Psychol. Psychother. 18, 314–321. doi: 10.1002/cpp.719

 Holz, N. E., Boecker, R., Jennen-Steinmetz, C., Buchmann, A. F., Blomeyer, D., Baumeister, S., et al. (2016). Positive coping styles and perigenual ACC volume: two related mechanisms for conferring resilience? Soc. Cogn. Affect. Neurosci. 11, 813–820. doi: 10.1093/scan/nsw005

 Jayasinghe, S. U., Torres, S. J., Nowson, C. A., Tilbrook, A. J., and Turner, A. I. (2014). Physiological responses to psychological stress: importance of adiposity in men aged 50-70 years. Endocr. Connect. 3, 110–119. doi: 10.1530/EC-14-0042

 Kiecolt-Glaser, J. K., McGuire, L., Robles, T. F., and Glaser, R. (2002). Emotions, morbidity, and mortality: new perspectives from psychoneuroimmunology. Annu. Rev. Psychol. 53, 83–107. doi: 10.1146/annurev.psych.53.100901.135217


 Kiecolt-Glaser, J. K., Preacher, K. J., MacCallum, R. C., Atkinson, C., Malarkey, W. B., and Glaser, R. (2003). Chronic stress and age-related increases in the proinflammatory cytokine IL-6. Proc. Natl. Acad. Sci. U.S.A. 100, 9090–9095. doi: 10.1073/pnas.1531903100


 Kirschbaum, C., Pirke, K. M., and Hellhammer, D. H. (1993a). The ‘Trier Social Stress Test’–a tool for investigating psychobiological stress responses in a laboratory setting. Neuropsychobiology 28, 76–81. doi: 10.1159/000119004

 Kirschbaum, C., Scherer, G., and Strasburger, C. (1994). Pituitary and adrenal hormone responses to pharmacological, physical, and psychological stimulation in habitual smokers and nonsmokers. Clin. Investig 72, 804–810. doi: 10.1007/bf00180552

 Kirschbaum, C., Strasburger, C., and Langkrär, J. (1993b). Attenuated cortisol response to psychological stress but not to CRH or ergometry in young habitual smokers. Pharmacol. Biochem. Behav. 44, 527–531. doi: 10.1016/0091-3057(93)90162-m

 Kudielka, B. M., Hellhammer, D., and Wüst, S. (2009). Why do we respond so differently? Reviewing determinants of human salivary cortisol responses to challenge. Psychoneuroendocrinology 34, 2–18. doi: 10.1016/j.psyneuen.2008.10.004

 Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (2005). International Affective Picture System (IAPS): Affective Ratings of Pictures and Instruction Manual. Gainesville, University of Florida: Technical Report A-6.

 Lazarus, R. S., and Folkman, S. (1984). Stress, appraisal, and coping. New York, NY: Springer Publishing Company.

 Lundberg, U. (2005). Stress hormones in health and illness: the roles of work and gender. Psychoneuroendocrinology 30,1017–1021. doi: 10.1016/j.psyneuen.2005.03.014

 MacLeod, S., Musich, S., Hawkins, K., Alsgaard, K., and Wicker, E. R. (2016). The impact of resilience among older adults. Geriatr. Nurs. 37, 266–272. doi: 10.1016/j.gerinurse.2016.02.014

 Mahmoud, J. S. R., Staten, R., ‘Topsy’, Hall, L. A., and Lennie, T. A. (2012). The Relationship among young adult college students' depression, anxiety, stress, demographics, life satisfaction, and coping styles. Issues Ment. Health Nurs. 33, 149–156. doi: 10.3109/01612840.2011.632708

 Mallinckrodt, B., Abraham, W. T., Wei, M., and Russell, D. W. (2006). Advances in testing the statistical significance of mediation effects. J. Couns. Psychol. 53, 372–378. doi: 10.1037/0022-0167.53.3.372

 Marković, V. M., Cupić, Ž., Vukojević, V., and Kolar-Anić, L. (2011). Predictive modeling of the hypothalamic-pituitary-adrenal (HPA) axis response to acute and chronic stress. Endocr. J. 58, 889–904. doi: 10.1507/endocrj.ej11-0037

 Martinson, W. D., and Zerface, J. P. (1970). Comparison of individual counseling and a social program with nondaters. J. Counsel. Psychol. 17, 36–40. doi: 10.1037/h0028633

 Mayordomo, T., Viguer, P., Sales, A., Satorres, E., and Meléndez, J. C. (2016). Resilience and coping as predictors of well-being in adults. J. Psychol. 150. 809–821. doi: 10.1080/00223980.2016.1203276

 McCubbin, J. A., Wilson, J. F., Bruehl, S., Brady, M., Clark, K., and Kort, E. (1991). Gender effects on blood pressures obtained during an on-campus screening. Psychosom. Med. 53, 90–100. doi: 10.1097/00006842-199101000-00008

 McEwen, B. S. (1998). Stress, adaptation, and disease: allostasis and allostatic load. Ann. N. Y. Acad. Sci. 840, 33–44. doi: 10.1111/j.1749-6632.1998.tb09546.x

 McEwen, B. S. (2008). Central effects of stress hormones in health and disease: Understanding the protective and damaging effects of stress and stress mediators. Eur. J. Pharmacol. 583. 174–185. doi: 10.1016/j.ejphar.2007.11.071

 Mikolajczak, M., Roy, E., Luminet, O., and Timary, P. (2008). Resilience and hypothalamic-pituitary-adrenal axis reactivity under acute stress in young men. Stress. 11. 477–482. doi: 10.1080/10253890701850262

 Miller, G. E., Chen, E., and Zhou, E. S. (2007). If it goes up, must it come down? Chronic stress and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol. Bull. 133, 25–45. doi: 10.1037/0033-2909.133.1.25

 Montes-Rodríguez, C. J., and Urteaga-Urías, E. (2018). Plasticidad sináptica como sustrato de la resiliencia. Rev. Neurol. 67, 453–460. doi: 10.33588/rn.6711.2018258

 Nielsen, L., Knutson, B., and Carstensen, L. L. (2008). Affect dynamics, affective forecasting, and aging. Emotion 8, 318–330. doi: 10.1037/1528-3542.8.3.318

 Notario-Pacheco, B., Solera-Martinez, M., Serrano-Parra, M. D., Bartolomé-Gutiérrez, R., Garcia-Campayo, J., and Martinez-Vizcaino, V. (2011). Reliability and validity of the Spanish version of the 10-item Connor-Davidson Resilience Scale (10-item CD-RISC) in young adults. Health Q. Life Outcomes 9:63. doi: 10.1186/1477-7525-9-63

 Ong, A. D., Bergeman, C. S., Bisconti, T. L., and Wallace, K. A. (2006). Psychological resilience, positive emotions, and successful adaptation to stress in later life. J. Pers. Soc. Psychol. 91, 730–749. doi: 10.1037/0022-3514.91.4.730

 Perna, G., Riva, A., Defillo, A., Sangiorgio, E., Nobile, M., and Caldirola, D. (2019). Heart rate variability: can it serve as a marker of mental health resilience? J. Affect. Disord. 263, 754–761. doi: 10.1016/j.jad.2019.10.017

 Preacher, K. J., Rucker, D. D., and Hayes, A. F. (2007). Addressing moderated mediation hypotheses: theory, methods, and prescriptions. Multivariate Behav. Res 42. 185–227. doi: 10.1080/00273170701341316

 Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., and Hellhammer, D. H. (2003). Two formulas for computation of the area under the curve represent measures of total hormone concentration vs. time-dependent change. Psychoneuroendocrinology 28. 916–931. doi: 10.1016/s0306-4530(02)00108-7

 Pulopulos, M. M., Baeken, C., and De Raedt, R. (2020). Cortisol response to stress: the role of expectancy and anticipatory stress regulation. Horm. Behav. 117:104587. doi: 10.1016/j.yhbeh.2019.104587

 Pulopulos, M. M., Hidalgo, V., Puig-Pérez, S., and Salvador, A. (2018). Psychophysiological response to social stressors: relevance of sex and age. Psicothema 30, 171–176. doi: 10.7334/psicothema2017.200

 Remor, E. (2006). Psychometric properties of a European Spanish version of the Perceived Stress Scale (PSS). Span. J. Psychol. 9. 86–93. doi: 10.1017/s1138741600006004

 Richardson, G. E. (2002). The metatheory of resilience and resiliency. J. Clin. Psychol. 58, 307–321. doi: 10.1002/jclp.10020

 Ruiz-Robledillo, N., Romero-Martinez, A., and Moya-Albiol, L. (2016). Lower cortisol response in high-resilient caregivers of people with autism: the role of anger. Stress Health 33, 370–377. doi: 10.1002/smi.2713

 Ryff, C. D. (2012). Varieties of resilience and their biological underpinnings. Europ Health Psychol. 14, 70–75. doi: 10.1037/e544782013-005

 Schlotz, W., Kumsta, R., Layes, I., Entringer, S., Jones, A., and Wüst, S. (2008). Covariance between psychological and endocrine responses to pharmacological challenge and psychosocial stress: a question of timing. Psychosom. Med. 70, 787–796. doi: 10.1097/psy.0b013e3181810658

 Schmaus, B. J., Laubmeier, K. K., Boquiren, V. M., Herzer, M., and Zakowski, S. G. (2008). Gender and stress: differential psychophysiological reactivity to stress reexposure in the laboratory. Int. J. Psychophys. 69. 101–106. doi: 10.1016/j.ijpsycho.2008.03.006

 Seisdedos, N. (1988). State-Trait Anxiety Inventory. Madrid: TEA Ediciones.

 Serrano-Parra, M. D., Garrido-Abejar, M., Notario-Pacheco, B., Bartolomé-Gutiérrez, R., Solera-Martínez, M., and Martínez-Vizcaíno, V. (2013). Validez de la escala de resiliencia de Connor-Davidson (10 ítems) en una población de mayores no institucionalizados. Enferm. Clín. 23, 14–21. doi: 10.1016/j.enfcli.2012.11.006

 Shi, M., Liu, L., Wang, Z. Y., and Wang, L. (2015). The mediating role of resilience in the relationship between big five personality and anxiety among Chinese medical students: a cross-sectional study. PLoS ONE 10:e0119916. doi: 10.1371/journal.pone.0119916

 Shrout, P. E., and Bolger, N. (2002). Mediation in experimental and nonexperimental studies: New procedures and recommendations. Psychol. Methods 7, 422–445. doi: 10.1037/1082-989x.7.4.422

 Simeon, D., Yehuda, R., Cunill, R., Knutelska, M., Putnam, F. W., and Smith, L. M. (2007). Factors associated with resilience in healthy adults. Psychoneuroendocrinology 32, 1149–1152. doi: 10.1016/j.psyneuen.2007.08.005

 Smith, M. M., Saklofske, D. H., Keefer, K. V., and Tremblay, P. F. (2015). Coping strategies and psychological outcomes: the moderating effects of personal resiliency. J. Psychol. 150, 318–332. doi: 10.1080/00223980.2015.1036828

 Souri, H., and Hasanirad, T. (2011). Relationship between resilience, optimism and psychological well-being in students of medicine. Proc Soc Behav Sci. 30, 1541–1544. doi: 10.1016/j.sbspro.2011.10.299

 Southwick, S. M., Vythilingam, M., and Charney, D. S. (2005). The psychobiology of depression and resilience to stress: implications for prevention and treatment. Annu. Rev. Clin. Psychol. 1, 255–291. doi: 10.1146/annurev.clinpsy.1.102803.143948

 Spielberger, C. D., Gorsuch, R. L., and Lushene, R. E. (1970). Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press.

 Sterling, P., and Eyer, J. (1988). Allostasis: A New Paradigm to Explain Arousal Pathology. New York, NY: Handbook of Life Stress, Cognition and Health.

 Therrien, F., Drapeau, V., Lalonde, J., Lupien, S. J., Beaulieu, S., Doré, J., et al. (2010). Cortisol response to the Trier Social Stress Test in obese and reduced obese individuals. Biol. Psychol. 84, 325–329. doi: 10.1016/j.biopsycho.2010.03.013

 Thompson, N. J., Fiorillo, D., Rothbaum, B. O., Ressler, K. J., and Michopoulos, V. (2018). Coping strategies as mediators in relation to resilience and posttraumatic stress disorder. J. Affect. Disord. 225, 153–159. doi: 10.1016/j.jad.2017.08.049

 Tomás, J. M., Sancho, P., Melendez, J. C., and Mayordomo, T. (2012). Resilience and coping as predictors of general well-being in the elderly: a structural equation modeling approach. Aging Ment. Health. 16, 317–326. doi: 10.1080/13607863.2011.615737

 Tugade, M. M., and Fredrickson, B. L. (2004). Resilient individuals use positive emotions to bounce back from negative emotional experiences. J. Pers. Soc. Psychol. 86, 320–333. doi: 10.1037/0022-3514.86.2.320

 Uchino, B. N., Holt-Lunstad, J., Bloor, L. E., and Campo, R. A. (2005). Aging and cardiovascular reactivity to stress: longitudinal evidence for changes in stress reactivity. Psychol. Aging. 20, 134–143. doi: 10.1037/0882-7974.20.1.134

 van der Werff, S. J., van den Berg, S. M., Pannekoek, J. N., Elzinga, B. M., and Van Der Wee, N. J. (2013). Neuroimaging resilience to stress: a review. Front. Behav. Neurosci. 7:39. doi: 10.3389/fnbeh.2013.00039

 Villada, C., Espin, L., Hidalgo, V., Rubagotti, S., Sgoifo, A., and Salvador, A. (2017). The influence of coping strategies and behavior on the physiological response to social stress in women: the role of age and menstrual cycle phase. Physiol. Behav. 170, 37–46. doi: 10.1016/j.physbeh.2016.12.011

 Villada, C., Hidalgo, V., Almela, M., Mastorci, F., Sgoifo, A., and Salvador, A. (2014a). Coping with an acute psychosocial challenge: behavioral and physiological responses in young women. PLoS ONE 9:e114640. doi: 10.1371/journal.pone.0114640

 Villada, C., Hidalgo, V., Almela, M., and Salvador, A. (2014b). Individual differences in the psychobiological response to psychosocial stress (Trier Social Stress Test): the relevance of trait anxiety and coping styles. Stress Health 32, 90–99. doi: 10.1002/smi.2582

 Villada, C., Hidalgo, V., Almela, M., and Salvador, A. (2018). Assessing performance on an evaluated speaking task. J. Psychophysiol. 32, 64–74. doi: 10.1027/0269-8803/a000185

 Vos, T., Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A., Brown, A., et al. (2016). Global, regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 388, 1545–1602. doi: 10.1016/S0140-6736(16)31678-6

 Vrshek-Schallhorn, S., Avery, B. M., Ditcheva, M., and Sapuram, V. R. (2018). The cortisol reactivity threshold model: direction of trait rumination and cortisol reactivity association varies with stressor severity. Psychoneuroendocrinology 92, 113–122. doi: 10.1016/j.psyneuen.2017.11.002

 World Health Organization (2001). The World Health Report 2001: Mental Health: New Understanding, New Hope. Geneva: World Health Organization.

 Wu, G., Feder, A., Cohen, H., Kim, J. J., Calderon, S., Charney, D. S., et al. (2013). Understanding resilience. Front. Behav. Neurosci. 7:10. doi: 10.3389/fnbeh.2013.00010

 Zhao, X., Lynch, J. G., and Chen, Q. (2010). Reconsidering Baron and Kenny: myths and truths about mediation analysis. J. Consumer Res. 37, 197–206. doi: 10.1086/651257

 Zoccola, P. M., Quas, J. A., and Yim, I. S. (2010). Salivary cortisol responses to a psychosocial laboratory stressor and later verbal recall of the stressor: the role of trait and state rumination. Stress 13, 435–443. doi: 10.3109/10253891003713765

 Zsoldos, E., Mahmood, A., and Ebmeier, K. P. (2014). Occupational stress, bullying and resilience in old age. Maturitas. 78, 86–90. doi: 10.1016/j.maturitas.2014.04.006

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.

Copyright © 2021 Zapater-Fajarí, Crespo-Sanmiguel, Pulopulos, Hidalgo and Salvador. 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/inline_6.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Resilience and Psychobiological Response to Stress in Older People: The Mediating Role of Coping Strategies



		Introduction



		Materials and Methods



		Participants



		Procedure



		Stress and Control Tasks



		Measures



		Stress Response



		Salivary Cortisol



		Anxiety State









		Perceived Stress



		Resilience



		Coping Strategies









		Data Management and Statistical Analysis







		Results



		Preliminary Results



		Sample Characteristics



		Cortisol Response1



		Anxiety Response









		Role of Resilience in Psychobiological Stress Response



		Relationship Between Resilience and Stress Indicators



		Testing the Moderated Mediation Model: Cortisol Response



		Testing the Moderated Mediation Model: Anxiety Response













		Discussion



		Resilience and the Psychobiological Response



		The Mediating Role of Active Coping Strategies in the Relationship Between Resilience and Cortisol



		No Mediating Role of Active Coping Strategies in the Relationship Between Resilience and Anxiety



		The Role of Avoidance Coping Strategies



		Limitations







		Conclusions and Future Directions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Footnotes



		References

















OPS/images/inline_5.gif





OPS/images/inline_4.gif





OPS/images/inline_3.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





OPS/images/fnagi-13-632141-t001.jpg
Variable

Age (years)

SES

BMI (kg/m2)
Educational level (%)
No studies

Basic studies
High school
College or higher
CD-Risc

Active coping
Emotional coping
Avoidance coping
Cognitive coping
PSS-14

Total sample
(n=66)

64.24 (0.573)
5.49(0.150)
26522 (0.531)

16

203

25

53.4
30.85 (0.585)
2.934 (0.054)
2722 0.051)
1.804 (0.045)
2972 0.034)
17.11(0.732)

Stress.
(n=30)

65.07 (0.894)
5.40(0.265)
26.334 (0.762)

0

267

233

499
3073 0.796)
2.944(0.088)
2,644 (0.066)
1.773 0.070)
2975 (0.054)
16.10 (1.045)

Control
(n=36)

6356 (0.732)
558 (0.157)
26687 (0.749)

28

139

25

582
30.94 (0.855)
2.936 (0.067)
2.788 (0.075)
1.832 (0.059)
2.969 (0.043)
17.97 (1.012)

1)/ X2(p)

—1.321 (0.191)
0583 (0.562)
0.330 (0.743)
3.662 (0.599)

0.177 (0.860)
~0.166 (0.868)
1415 (0.162)
0646 (0.521)
-0.087 (0.981)
1.282 (0.205)

Males
(=31

64.97 (704)
532 (0.236)
26815 (0.780)

0
103
276

62

30,87 (0.885)

2.917 (0.076)

2,658 (0.078)

1.713 (0.055)

2.964 (0.051)

17.83 (1.187)

Females
(n=35)

63.60 (0.878)
5.63(0.193)
26.283 (0.732)

29
286
229
4538

30.83 (0.789)

2.95(0.077)

2776 (0.066)

1.884 (0.067)

2978 (0.045)

16.49 (0.949)

tp) X2(p)

1.195 (0.236)
-1.019 (0.312)
0.496 (0.622)
4.468 (0.484)

0032 (0.974)
-0.304 (0.762)
~1.155 (0.263)
~1.917 (0.060)
-0.215 (0.830)

0.917 (0.363)

Data are presented for the total sample (N = 66), participants in the stress (n = 30) and control (n = 36) conditions, and males (n = 31) and females (n = 35). BMI, body mass index;
CD-Risc, Connor-Davidson Resilience Scale; PSS, Perceived Stress Scale; SES, subjective socioeconomic status scale. Deta represent means (standard errors), tp) are presented for
the differences between stress and control condition and for males and females. Data for educational level is presented in percentages, and X2(p) are presented for the differences
between stress and control condition and for males and females.





OPS/images/fnagi-13-632141-t002.jpg
Dependent variable (Y): cortisol reactivity
Mediator (M): Avoidance coping
Moderator (W): Condition

Effect SE t P LLel uLcl

a —0.065 0.130 —0.426 0.672 -0.316 0.205
¢’ Stress. 0.231 0.188 1207 0225 —0.146 0.609
Control -0.030 0.139 -0.219 0.828 -0.308 0.247

ab Stress -0.016 0.047 -0.117 0.086
Control -0.007 0.022 —0.066 0.019

Letters represent the relationship between resilience and avoidance coping (e), the direct effect (c'), and the indiirect effect (ab) for each condition. LLCI, lower level of confidence interval;
SE, standard error; UCLI, upper level of confidence interval.





OPS/images/fnagi-13-632141-g003.gif





OPS/images/fnagi-13-632141-g004.gif
Stress condition

Resilience

cortisol reactvity






OPS/images/inline_2.gif





OPS/images/fnagi-13-632141-t003.jpg
Dependent variable (¥): anxiety reactivity
Mediator (M): Active coping
Moderator (W): Condition

Effect SE t P Lol uLcl
a 0.343 0.118 2898 0005 0.106 0579
¢ Stress 0.049 0.144 0342 0734 ~0.240 0.339
Control -0.055 0.116 -0479 0633 —0.287 0.176
ab Stress -0.085 0074 -0.275 0.017
Control -0.026 0034 -0.112 0.045
Dependent variable (Y): anxiety reactivity
Mediator (M): Avoidance coping
Moderator (W): Condition
Effect SE t P LLel uLcl
a -0.024 0.126 -0.194 0847 -0.276 0227
¢ Stress 0.057 0.144 -0394 0694 —0.345 0232
Control -0.072 0.115 -0628 0531 -0.302 0.158
ab Stress ~0.001 0015 -0.032 0.033
Control ~0.001 0014 —0.034 0.028

Letters represent the relationship between resilience and active or avoidance coping (a), the direct effect (c’), and the indirect effect (ab) for each condition. LLCI, lower level of confidence
interval: SE, standard error; UCLI, upper level of confidence interval.





OPS/images/inline_1.gif





OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Resilience and Psychobiological
Response to Stress in Older People:
The Mediating Role of Coping
Strategies





OPS/images/fnagi-13-632141-g001.gif
Habituation 3] 3| E Recovery
HEHINEE
I I I
STAIS(pre)  Memory task. STAS (ost) A
- o w





OPS/images/fnagi-13-632141-g002.gif





