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Abstract 

Background 

The classic conception of stress involves undifferentiated negative affect and corresponding 

biological reactivity.  The present study hypothesized a new conception that disaggregates stress 

into emotion-specific, contrasting patterns of biological response.   

Methods 

Ninety-two healthy adults engaged in stress-challenge tasks, during which cardiovascular 

responses, hypothalamic-pituitary-adrenocortical (HPA) axis responses (i.e., cortisol), emotional 

expressions (i.e. facial muscle movements) and subjective emotional experience (self-reported) 

were assessed.  

Results 

Pronounced individual differences emerged in specific emotional responses to the stressors.  

Analyses of facial expressions revealed that the more fear individuals displayed in response to 

the stressors, the higher their cardiovascular and cortisol responses to stress.  By contrast, the 

more anger and disgust (indignation) individuals displayed in response to the same stressors, the 

lower their cortisol levels and cardiovascular responses.  Individual differences in optimistic 

appraisals appeared to mediate these correlated patterns. 

Conclusions 

Facial expressions of emotion signal biological responses to stress.  Fear expressions signal 

elevated cortisol and cardiovascular reactivity; anger and disgust signal attenuated cortisol and 

cardiovascular reactivity, patterns that implicate individual differences in stress appraisals.  

Rather than conceptualizing stress as generalized negative affect, studies can be informed by this 

emotion-specific approach to stress responses.  
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Introduction

 Stress is implicated not only in such nuisances as the common cold (Cohen et al 1997; 

Cohen et al 1991), but also in the pathophysiology of major morbidity and mortality threats.  For 

example, individual differences in stress reactivity have been implicated in the pathophysiology 

of depression, anxiety and heart disease – leading contributors to disability and death in the 

United States (e.g., Charney and Manji 2004; Coryell et al 1986; Frasure-Smith et al 1995; 

Kubzansky et al 1998).  Consequently, identifying and understanding behavioral and 

physiological indices of normal and pathological stress reactivity is important for improving 

physical and mental health.   

 Stress reactivity is typically assessed through active challenge paradigms during which 

participants are exposed to stressors such as difficult mental arithmetic or public speaking under 

harassing conditions (e.g., Kirschbaum et al 1993).  An important but largely unexamined 

question about stress reactivity concerns individual differences in emotion-specific responses to 

stress challenges.  When participants perform stressful tasks, such as serial subtraction tasks 

under harassing conditions, some participants may respond with fear of not measuring up to 

performance standards, whereas others may respond with anger or disgust, conveying their 

indignation at being badgered.  These contrasting emotional responses may be associated with 

different physiological responses to the stressors in ways that have important clinical 

implications.   

 Although, fear, anger, and disgust are all negative emotions and might thus contribute to 

a generally negative stress response, fear differs from anger and disgust in ways that imply the 

possibility of diverging physiological and neuroendocrine stress responses.  Specifically, 

whereas fear elicits the mood-congruent effects one might expect of a negative emotion -- 

https://www.researchgate.net/publication/279187109_Psychological_stress_and_susceptibility_to_the_common_cold?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/236303003_Social_Ties_and_Susceptibility_to_the_Common_Cold?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/226944267_Anxiety_and_coronary_heart_disease_A_synthesis_of_epidemiological_psychological_and_experimental_evidence?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/14944707_The_'Trier_Social_Stress_Test'_-_A_Tool_for_Investigating_Psychobiological_Stress_Responses_in_a_Laboratory_Setting?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/8662239_Life_Stress_Genes_and_Depression_Multiple_Pathways_Lead_to_Increased_Risk_and_New_Opportunities_for_Intervention?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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leading people to perceive greater risk and a lack of individual control in stressful circumstances 

-- anger does not.  Anger, by contrast, triggers optimistic perceptions of risk (Lerner and 

Gonzalez 2005; Lerner and Keltner 2001).  Differences in appraisals of certainty and control 

drive the divergent decision outcomes for fear and anger.  Disgust, although comparatively less 

studied, resembles anger in terms of appraised certainty and control (Smith and Ellsworth 1987).  

Thus, we hypothesize that the disgust patterns might resemble those of anger, representing an 

indignation response.  Taking past research together, therefore, one may predict that individuals 

who respond with anger and disgust to stressful circumstances will show lower biological 

responses to stress (e.g., lower blood pressure increases and cortisol levels) than will individuals 

who respond to stress with fear and that appraisals will mediate these patterns.   

 How such individual differences in emotional responses to stress can be assessed 

becomes an important issue.  Emotion-specific behaviors -- i.e. facial displays of emotion --

provide an objective indicator of individual differences in the emotional experience of a stressor 

that can provide evidence as to whether such individual differences are predictive of differences 

in physiological response to stress.   

 Scientists as far back as Darwin (1872/1998) and Duchenne (1862/1990) recognized that 

specific facial expressions represent an output signal associated with specific emotional states 

(Ekman et al 1983; Ekman et al 1969; Keltner et al 2003; Levenson 1992).  As yet, however, 

almost no stress-reactivity studies have examined whether expressions of specific contrasting 

emotions may signal reliable individual differences in stress responses.  One study on children 

has found promising evidence of systematic associations (Quas et al 2000).  However, questions 

concerning the biological stress responses associated with contrasting emotion expressions in 

adult populations remain largely unexamined. 

https://www.researchgate.net/publication/279006628_Patterns_of_Appraisal_and_Emotion_Related_to_Taking_an_Exam?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/256309560_Handbook_of_Affective_Sciences_-_Facial_expression_of_emotion?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/209436134_Autonomic_nervous_system_differences_among_emotions_Psychological_Science_3_23-27?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/19588646_Pattens_of_appraisal_and_emotion_related_to_taking_an_exam?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/17411831_Pan-Cultural_Elements_in_Facial_Displays_of_Emotion?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/16584658_Autonomic_Nervous_System_Activity_Distinguishes_Among_Emotions?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/12279359_Dissociations_between_psychobiologic_reactivity_and_emotional_expression_in_children?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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 In the present study, we investigated whether individual differences in facial responses 

reflecting fear versus anger and disgust (indignation) were differentially associated with 

hypothalamic-pituitary-adrenocortical (HPA) axis responses (as assessed by cortisol) and 

cardiovascular responses to stress.  For comparative purposes, trait and state measures of these 

emotions were also collected.  As implied above, we predicted that facial displays reflecting fear 

in response to the stressors would be associated with increases in cortisol and cardiovascular 

stress responses, whereas facial displays reflecting anger and disgust would be associated with 

reduced cortisol and cardiovascular stress responses.  We further predicted that the tendency to 

make optimistic appraisals would mediate these patterns. 

Methods and Materials 

Overview 

 At Time 1, participants completed self-report measures of trait affect.  Within the 

following week (Time 2), participants engaged in stress-challenge tasks, during which 

cardiovascular responses and cortisol were assessed.  Emotional behavior (i.e. facial muscle 

movements) and emotional experience (self-reported) were also assessed.  

Participants 

After obtaining approval from the Institutional Review Board from the University of 

California, Los Angeles, students and employees in a university community responded to an ad 

offering $60 for participating.  Because the tasks were intentionally stressful, the Human 

Subjects Protection Committee required screening out anyone who had been "diagnosed with a 

major mental health disorder or who was currently under treatment for a mental health 

disorder."  (Individuals with a minor mental health disorder were not excluded.)  Other exclusion 

criteria were use of medications affecting cardiovascular, monoamine, or endocrine function, and 
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current pregnancy or lactation.  To avoid problems with demand awareness, people with training 

in psychology were also excluded.   

 Ninety-two participants (45 males and 47 females) comprised the final sample.  

Participants ranged from 18 to 29 years (mean age of 20.6 years).  The sample was 43.5% 

European-American, 43.5% Asian American, 8% Latino, 3% African American, and 2% other.  

No participant dropped out during the study. 

Questionnaire Session  

Participants reported to a laboratory where they completed informed consent forms and a 

battery of demographic and psychosocial self-report scales.  The self-report questionnaires 

included two measures of trait fear/anxiety, namely Spielberger’s (1983) measure of trait anxiety 

and a Fear Survey Schedule (Bernstein and Allen 1969; Geer 1965; Suls and Wan 1987), and 

three measures of trait anger, the Cook-Medley Hostility Scale (Cook and Medley 1954), the 

Hostility Subscale of the Brief Symptom Inventory (Derogatis and Savitz 2000), and a 6-item 

Trait Anger Inventory (Lerner and Keltner 2001).  The Life Orientation Test (Scheier and Carver 

1985) was included to assess tendencies to make optimistic or pessimistic appraisals. 

Stress-Challenge Tasks and Procedures   

Within a week later, participants returned to the laboratory.  Sessions were run in the late 

afternoon, to control for the circadian rhythm of cortisol.  The challenge session began with 

collection of two saliva samples for assessment of cortisol levels.  Samples were immediately 

placed on ice in a cooler and transferred within the next few minutes to a freezer.  Participants 

then responded to a set of interview questions, material that is not part of the present analyses, 

after which the challenge began.   

https://www.researchgate.net/publication/232496723_Proposed_Hostility_and_Pharisaic-Virtue_Scales_for_the_MMPI?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/222180607_Fear_Survey_Schedule_II_Normative_data_and_factor_analyses_based_upon_a_large_college_sample?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/19342010_In_Search_of_the_False-Uniqueness_Phenomenon_Fear_and_Estimates_of_Social_Consensus?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/19133050_Optimism_coping_and_health_Assessment_and_implications_of_generalized_outcome_expectancies?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/19133050_Optimism_coping_and_health_Assessment_and_implications_of_generalized_outcome_expectancies?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/9242854_The_Development_of_a_Scale_to_Measure_Fear?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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Participants were connected to a Critikon Dinamap Vital Signs Monitor Model 1846SX 

which automatically and continuously recorded heart rate and blood pressure every two minutes 

throughout the laboratory session.  Before the challenge tasks began and immediately after 

connection to the monitor, participants were given 10 minutes of rest and acclimation time.   

The stress-challenge tasks included: (a) counting backwards by seven’s from 9,095; (b) 

mentally calculating arithmetic problems taken from the Wechsler Intelligence Test; and (c) 

counting backwards by thirteen’s from 6,233.  A two-minute rest period occurred between the 

second and third stress-challenge tasks.  These kinds of stress-challenge tasks have been shown 

to induce stress in prior studies and constitute a part of the standardized Trier Social Stress Test 

(TSST) (Dickerson and Kemeny 2004; Kirschbaum et al 1993).  Participant responses were 

recorded and timed by the video camera.2  To accentuate the socially stressful nature of the tasks, 

participants were informed of each error they made and urged to go faster by a harassing 

experimenter.  Participants were also told that these tasks were diagnostic of general intelligence 

and that their responses would be compared to other participants’ scores.   

 Immediately after the stress-challenge tasks, and again during the recovery period, 

participants completed the state emotion measures, rating the degree to which they had 

experienced 16 emotions (Gross and Levenson 1995) on a scale from 0 to 8 with labeled end 

points, including those assessing fear, anger, and disgust.    

 Immediately following completion of the stress-challenge tasks, a second saliva sample 

was taken. This time corresponded to approximately 25 minutes following the initiation of the 

stressors, a time period which would allow for stress-related increases in cortisol to be identified.   

 Following the stress tasks, a 30-minute recovery period began.  During this time, 

participants listened to pleasant music and completed a demographics questionnaire and 

https://www.researchgate.net/publication/238698662_Emotion_elicitation_using_films?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/14944707_The_'Trier_Social_Stress_Test'_-_A_Tool_for_Investigating_Psychobiological_Stress_Responses_in_a_Laboratory_Setting?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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questions assessing activities (e.g., exercise and eating) that might have influenced 

cardiovascular and cortisol responses.  At the end of the recovery period, a third saliva sample 

was taken.  Participants were then debriefed and dismissed. 

Measures 

Principal components factor analyses of the state emotion measures were conducted to 

create factors for each of the three emotional states of interest.  (1) a fear factor (combining 

“anxiety,” “fear,” “afraid,” and “nervous”; α = .90 at peak stress; .86 at recovery); (2) a disgust 

factor (“disgust” and “repulsion”; α = .84 at peak stress; .89 at recovery); and (3) an anger factor 

(“anger,” “contempt,” “irritation,” and “frustration”; α = .88 at peak stress; .87 at recovery). 

 Cardiovascular measures included heart beats per minute (BPM), systolic blood pressure 

(SBP), diastolic blood pressure (DBP) and mean arterial pulse (MAP), recorded automatically at 

2-minute intervals throughout the laboratory session.  One index for each of the cardiovascular 

dimensions (four indices total) was calculated by averaging readings taken during each of the 

stress tasks.  The same procedure was followed for averaging across baseline and recovery. 

Salivary Cortisol Assays 

Saliva samples were shipped for overnight delivery on dry ice to the Behavioral 

Endocrinology Laboratory at the Pennsylvania State University.  Salivary cortisol levels were 

determined from a 25-µl sample, which was assayed in duplicate by radioimmunoassay using the 

HS-cortisol High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit (Salimetrics LLC, 

State College, PA).  All samples were tested with a single assay batch, eliminating error that 

might occur due to differences between batches.  The HS-Cortisol Assay allows for robust 

results when the saliva samples have a pH within the range of 3.5 - 9.0.  All samples were within 

this range.   
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Coding of Facial Expression 

 Participants’ facial behavior was coded using the EMFACS version of the Facial Action 

Coding System (Ekman and Friesen 1978), an anatomically-based coding system.  The reliability 

and validity of the EMFACS system have been demonstrated in prior investigations (e.g., 

Keltner and Bonanno 1997a).  Fourteen segments from the session were sampled for each 

participant, including stressful tasks and relaxing time, constituting approximately 5.62 minutes 

of facial movement (2 hours of coding) per participant.  Coders spent approximately 22 minutes 

coding each minute of actual muscle movement. 

 EMFACS criteria were used to code facial expressions of fear, anger, and disgust.  

Whereas anger and fear can be reliably represented in upper-face codes and/or lower-face codes, 

disgust is represented only in full-face codes.  For each emotion, three dimensions were assessed:  

frequency, intensity, and duration.  Coders scored the intensity of each muscle movement on a 5-

point scale (1 = minimal, 3 = moderate, 5 = extreme).  Expression duration was measured in 

milliseconds; frequency was a simple count of each emotion’s occurrence. 

 Both coders were blind to all other study data including the time of day individual 

participants were run.  Both coders passed a FACS reliability exam administered by Paul 

Ekman’s laboratory, and both were blind to the hypotheses.  One coded all the participants; 

another coded a randomly-selected 24% of participants.  Following standard procedures (see 

(Keltner and Bonanno 1997a; Keltner and Bonanno 1997b), intercoder reliability was defined by 

a ratio in which the number of action units on which the two coders agreed was multiplied by 2 

and then divided by the total number of action units scored by the two persons.  This agreement 

ratio was calculated for each event observed by one or both coders.  The mean agreement ratio 

was .82, demonstrating good reliability.     

https://www.researchgate.net/publication/243773603_Measuring_facial_movement_with_the_facial_action_coding_system?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/239537771_Facial_action_coding_system_A_technique_for_the_measurement_of_facial_movement?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/14113418_Facial_expression_and_the_course_of_conjugal_bereavement?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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Results 

Preliminary Analyses 

Preliminary analyses compared expressions of emotions during the stress tasks with those 

during the three rest periods (baseline, in between tasks, recovery).  As expected, participants 

displayed greater fear, anger, and disgust during the stress tasks than during the resting periods. 

Table 1 displays descriptive data for each emotion in terms of displayed frequency, displayed 

intensity, and displayed duration.3  Of all the emotions, anger expressions appeared with the 

greatest frequency, intensity, and duration.  The stress tasks also produced significantly higher 

cardiovascular and higher cortisol levels than did the rest periods (see Table 2), confirming that 

the tasks had their expected effects on physiological functioning. 

Sex of participant did not moderate the key relations between expression and 

physiology.4  Thus, we report the main results collapsing across males and females. 

To test the main hypotheses most parsimoniously, thus reducing the likelihood of Type I 

errors, we aggregated measures across stress tasks and separately aggregated measures across 

rest periods.  We also aggregated facial expression data by standardizing the measures of 

frequency, intensity, and duration, and averaging across them.  We further aggregated by 

averaging the anger and disgust expression data into one composite called “indignation.”  This 

aggregation was justified not only by similarity in the respective appraisals of control associated 

with anger and disgust but also by the fact that they were highly correlated with each other (r = 

.64, p < .01).  If the predicted patterns appear in the aggregated form with the least possible 

number of significance tests, then it is justifiable to test associations with specific dimensions of 

specific emotions. 
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Emotions and Cortisol Responses 

To test the main hypotheses, we calculated the relations between cortisol levels (at 

baseline, peak stress, and recovery) and: (a) Facial expression (i.e. EMFACS) measures of fear 

and indignation; (b) self-reported trait fear/anxiety and anger; (c) self-reported state fear, anger, 

and disgust.  In support of the main hypotheses, facial expressions were reliably correlated with 

cortisol levels (see Figure 1, Panel A).  As predicted, a generalized negative affect pattern did not 

appear.  Rather, all of the correlations between fear displays and cortisol levels were positive 

whereas all of the correlations between indignation were negative (see Figure 1).  At peak stress 

and at recovery, all of the correlations between facial display and cortisol were significant (ps < 

.05).  In all cases where a significant correlation between facial display and cortisol appeared, 

there was also a significant difference between the indignation correlations and the fear 

correlations (tested with Fisher r-to-z transformations; p < .05).  Even at low levels of display 

when the emotions had not yet been activated (i.e., baseline), the opposing patterns still emerged.  

They were not significant at baseline, however, as one would expect.  The results, thus, support 

the prediction that fear displays in the face are related to elevated cortisol levels in response to 

stress whereas indignation is related to lower cortisol levels in response to stress.  If one 

disaggregates the indignation data into separate components of anger and disgust, all of the same 

patterns hold (see regression results of Table 3 column 1).  Thus, indignation represents 

consistent patterns for anger and disgust. 

Self-reported state and trait measures of fear, anger and disgust, for the most part, were 

not correlated with cortisol levels. One exception was the Trait Anger Inventory (Lerner and 

Keltner 2001); the more a person reported experiencing anger, the lower his or her cortisol level, 

but only during the recovery period (r(90) = -.24, p < .05).   

https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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Emotion and Cardiovascular Response 

 The evidence relating facial expressions to cardiovascular responses were, for the most 

part, also consistent with hypotheses (see Figure 1, Panel B).  Whereas all of the correlations 

between fear expressions and cardiovascular responses to the stress tasks were positive, all of the 

significant correlations between indignation expressions and cardiovascular responses to the 

stress tasks were negative.  More specifically, significant positive correlations were found with 

fear expression and systolic blood pressure, diastolic blood pressure, beats per minute, and mean 

arterial pulse (ps < .05).  Significant negative correlations were found with indignation 

expression and systolic blood pressure as well as with beats per minute. There were also 

significant differences between the indignation correlations and the fear correlations (tested with 

Fisher r-to-z transformations; p < .05) on all four of the cardiovascular dimensions. 

Finally, as one would expect, all significant correlations emerged during the stress tasks 

and not during rest periods.  Thus, the overall pattern of results for the cardiovascular measures 

supported the hypotheses.5  Rather than a generalized negativity pattern as classic conceptions of 

stress might predict (Selye 1956), fear is associated with a different pattern than anger and 

disgust (indignation).   

As with the cortisol data, none of the emotion self-report state measures were 

significantly correlated with the cardiovascular measures. Unlike the cortisol data, none of the 

self-report trait measures were correlated with the cardiovascular measures.   

Do Particular Dimensions of Expression Matter for Predicting Biological Stress Responses? 

To address whether particular dimensions of expression predict biological stress 

responses, we disaggregated the emotion expression data into specific emotions and specific 

dimensions of frequency, intensity, and duration.6  Results of three stepwise regression 

https://www.researchgate.net/publication/49300527_Stress_of_Life?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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equations, one for each emotion, reveal that each emotion did indeed have a particular dimension 

of expression that mattered most.  For anger, the temporal duration of expression is the only 

dimension that mattered when it came to predicting physiological responses.  The longer a 

person displayed anger on the face, the lower the cortisol responses at peak stress (b = -.23) and 

recovery (b = -.23).  Similarly, the longer a person displayed anger on the face, the lower the 

systolic BP (b = -.25), the lower the diastolic BP (b = -.44), the lower the heart rate (b = -.24), 

and the lower the mean arterial pulse (b = -.44); all tests run at p < .03, 2-tailed.   

By contrast, what mattered most with respect to fear was frequency.  The more often a 

person displayed a fearful face, the higher the cortisol responses at peak stress (b = .29) and 

recovery (b = .32).  Similarly, the more frequently a person displayed a fearful face, the higher 

the systolic BP (b = .24), the higher the diastolic BP (b = .38), and the higher the mean arterial 

pulse (b = .33).  Frequency of fear expression did not predict heart rate at p < .03.   

For disgust, what mattered most was intensity.  The more intensely a person displayed 

disgust on the face, the lower the cortisol responses at peak stress (b = -.25) and recovery (b = -

.27).  Similarly, the more intensely a person displayed disgust on the face, the lower the systolic 

BP (b = -.21) and the lower the heart rate (b = -.29).  Intensity of disgust did not predict diastolic 

BP or mean arterial pulse.  All tests run at p < .03, 2-tailed. 

Do Optimistic Appraisals Link Facial Expression to Biological Stress Responses? 

As noted, previous research demonstrates that fear is associated with pessimistic stress 

appraisals whereas anger is associated with optimistic appraisals (Lerner et al 2003; Lerner and 

Keltner 2001).  Although disgust has not been studied in the context of optimism, it has been 

shown to have the same high appraisals of control, and appraisals of control have been shown to 

predict optimism (Lerner and Gonzalez 2005; Lerner and Keltner 2001).  Accordingly, we 

https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/11867504_Fear_Anger_and_Risk?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/10833614_Effects_of_Fear_and_Anger_on_Perceived_Risks_of_Terrorism_A_National_Field_Experiment?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/7990059_Forecasting_One's_Future_Based_on_Fleeting_Subjective_Experiences?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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examined whether chronic tendencies to make optimistic appraisals mediated the observed 

relations between facial expressions of emotion and biological responses to stress (i.e., 

cardiovascular and cortisol responses).  The main hypothesis is that, in contrast to people who 

display fear during the task, people who display anger and disgust tend to make optimistic 

appraisals and these appraisals will mediate the association between facial expression and 

biological responses to stress.   

A variable may be considered a mediator to the extent that it carries the influence of a 

given independent variable (IV) to a given dependent variable (DV). Following Baron and 

Kenny (1986), before mediation can be said to occur, at least the following four conditions must 

be met. (1) The IV significantly affects the DV in the absence of the mediator. (2) The IV 

significantly affects the mediator. (3) The mediator has a significant unique effect on the DV, 

and (4) the effect of the IV on the DV significantly shrinks upon the addition of the hypothesized 

mediator to the model.  

Table 3 details the process used to test whether optimistic appraisals link facial 

expression to biological stress responses. Column 1 in Table 3 demonstrates that the IV (facial 

expressions of fear frequency, anger duration, or disgust intensity) is correlated with the DV 

(cortisol or cardiovascular responses to stress).  This step establishes that there is an association 

that may be mediated. Column 2 in Table 3 demonstrates that the IV is correlated with the 

mediator (optimistic appraisals as measured by the LOT: Scheier and Carver 1985). Column 3 in 

Table 3 demonstrates that the mediator has a significant and unique association with the DV. It is 

important to note that it is not sufficient just to correlate the proposed mediator with the DV; the 

mediator and the DV may be correlated because they are both caused by the IV. Thus, the IV 

must be controlled in establishing the association of the mediator with the DV. Column 4 in 

https://www.researchgate.net/publication/281274059_The_moderator-mediator_variable_distinction_in_social_psychological_research_Conceptual_strategic_and_statistical_considerations?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/281274059_The_moderator-mediator_variable_distinction_in_social_psychological_research_Conceptual_strategic_and_statistical_considerations?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/19133050_Optimism_coping_and_health_Assessment_and_implications_of_generalized_outcome_expectancies?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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Table 3 demonstrates that the association of the IV with the DV shrinks to nonsignificance in the 

presence of the mediator.  

Meeting these steps does not, however, establish that mediation has occurred. The 

amount of mediation is defined as the reduction of the association between the IV and the DV in 

the presence of the mediator (see column 4 in Table 3). To determine whether a mediator 

actually carries the influence of the IV to the DV a Sobel test can compare whether the reduction 

of the association between the IV and the DV without the mediator and with the mediator is 

significant (see column 5 in Table 3). If the Sobel test is significant, one may conclude that the 

mediator explains a significant percent of the variance between the IV and the DV (column 6 in 

Table 3).   Following the logic outlined above (Baron and Kenny 1986; Sobel 1982), the path 

models demonstrated that, for every significant relationship between facial expression and 

biological responses to stress (column 1), the tendency to make optimistic appraisals explained a 

significant percent of the variance (column 6).7   

It is worth noting that a minority of participants expressed fear whereas almost all 

participants expressed indignation.  Thus, the majority of participants have zeros for the fear 

correlations and regressions.  The significance tests for r and b each assume that independent and 

dependent variables are normally distributed, which the present data therefore violate.  The effect 

is to bias the fear-expression correlations to smaller magnitude, flattening the fit line, and thus 

creating a more stringent test of the hypothesis.  Nonetheless, in order to make sure that the high 

frequency of zeros for fear did not in any unforeseen way favor our hypothesis, we conducted 

two sets of additional analyses.  In the first set, we recoded the fear expression variable into a 

dichotomy (i.e., 0 = did not display the emotion versus 1 = did display the emotion) and re-ran 

all the regressions on this dichotomous variable.  We found that all relations still held.  For 

https://www.researchgate.net/publication/281274059_The_moderator-mediator_variable_distinction_in_social_psychological_research_Conceptual_strategic_and_statistical_considerations?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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Displayed Fear, the correlations were as follows:  baseline cortisol (r = .10, ns); peak cortisol (r 

= .25); recovery cortisol (r = .27); systolic blood pressure (r = .21); diastolic blood pressure (r = 

.37); beats per minute (r = .15, ns); mean arterial pulse (r = .28); all significant ps < .05.  To 

address the issue more comprehensively, we ran a set of correlations that included only those 

participants who showed any fear in the face.  The correlations were as follows:  baseline cortisol 

(r = .10, ns); peak cortisol (r = .25); recovery cortisol (r = .30); systolic blood pressure (r = .23); 

diastolic blood pressure (r = .40); beats per minute (r = .19, ns); mean arterial pulse (r = .32); all 

significant ps < .05.  Thus, the sub-sample analysis is consistent with the other analyses in 

showing that fear expressions predict increasing cortisol and cardiovascular stress responses. 

Discussion  

 The present study examined two prototypical responses to stressful challenges, namely 

fear versus anger and disgust (indignation), and related them to cardiovascular and 

hypothalamic-pituitary-adrenocortical (HPA) -axis responses to stress.  Results support a 

hypothesis first ventured by Darwin (1872/1998):  that emotion-relevant facial expressions 

reliably signal biological responses to stressors.  This is the first study we are aware of that has 

tested this hypothesis in adults and related contrasting emotion expressions to both 

neuroendocrine (HPA-axis) and cardiovascular responses to stress.   

Consistently, fear displays were positively associated with cardiovascular and cortisol 

stress responses, whereas anger and disgust displays were negatively associated with these same 

outcomes.  Results of path-analytic regression models were consistent with the hypothesis that 

the tendency to make optimistic appraisals mediated the links from facial expression to 

physiology.  This pattern points to the potential adaptiveness of indignant/confrontative 

responses to certain kinds of stressful events, as opposed to anxious/fearful responses.  As 
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research addressing the role of perceived control in health shows (for reviews, see Seeman 1999; 

Taylor 2003), perceptions of individual control and certainty tend to be adaptive in situations 

where the contingencies allow some individual control and predictability.   

 Aside from the broad patterns, several smaller aspects of the results merit note.  First, 

most of the significant relations emerged at peak stress and recovery, when the emotions were 

especially engaged, and not at baseline.  These patterns suggest that the signaling function of 

facial expressions may be especially important during stressful times.  A second aspect is the fact 

that self-reported emotional states for the most part did not show these relations (consistent with 

Feldman et al 1999), suggesting that facial expressions are distinctive in this signaling capacity.  

 A third aspect of note is the fact that all significant correlations between anger and fear 

and biological stress responses emerged with muscle movements in the lower face.8  Future 

studies can examine whether lower face muscles share more connections to biological stress 

response systems. 

Clarifications, limitations, and unanswered questions   

On the surface, the results could seem to conflict with research relating dispositional 

hostility to enhanced stress reactivity and to stress-related disorders, such as coronary heart 

disease.  The present study found no association between Cook-Medley hostility (1954) and 

biological reactivity.  It is notable, however, that a lack of association and even negative 

associations between hostility and cardiovascular response have been reported by several other 

researchers (e.g., Carroll et al 1997; Räikkönen et al 1999; Sallis et al 1987; Smith and Houston 

1987).  The inconsistent findings for Cook-Medley hostility may be due to its poor internal 

validity (Contrada and Jussim 1992).   
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Measurement issues aside, however, the present results imply the need to expand 

investigations of anger and biological stress responses by examining anger not merely as a 

chronic dispositional quality, but also as a situation-specific behavioral response that may be 

justified and even adaptive under certain circumstances.  Whereas behavioral medicine studies 

have typically examined self-reported intensity of a dispositional tendency to experience 

explosive and violent anger (for example, see Spielberger 1996)9, the present results examine the 

duration of situation-specific facial expressions.  These differences highlight not only the 

heterogeneity inherent in anger but also the heterogeneity of anger-evoking situations and 

interactions thereof (Harmon-Jones et al 2003).  It may be that certain kinds of anger are 

adaptive (and others are not).  Specifically, a low intensity facial display of anger may be 

adaptive in the present study with a pesky experimenter.  Feeling a sense of indignation when 

confronted with annoying badgering can confer a sense of control and can be seen as reasonable.  

It is probably not adaptive, however, to chronically approach the world with a hostile edge, as is 

typically assessed in the Cook-Medley Hostility scale (1954).   

 Another clarification pertains to the overall pattern of data.  Although the data show that 

people who tend to display a preponderance of fear will show different biological profiles than 

people who display a preponderance of anger and disgust, it is worth noting that fear and 

anger/disgust expressions were not binary. As one would expect of negative emotions, they co-

occurred at low levels among individuals.10  

 A limitation of this work is that it did not include a structured interview to assess mental 

health.  Because of this methodology and because the population was relatively healthy, 

conclusions for clinical populations cannot yet be made with confidence. 
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Implications   

At the broadest level, the results imply the importance of developing biobehavioral 

models that integrate emotion-specificity into both the appraisal of, and the responses to, 

stressful circumstances.  Contrary to the classic idea of undifferentiated negative affect rising 

with biological stress responses (Selye 1956), it now appears that distinct appraisals and 

corresponding emotional displays signal distinct biological responses (see also Kemeny 2003; 

Lovallo and Thomas 2000).  Such differentiation may allow for more detailed understanding of 

the specific affective and stress-reactive dysfunctions implicated in specific pathological states.  

For example, laboratory studies of high risk samples might focus on emotion-specific responses 

to social stressors, rather than simply examining the magnitude of stress responses.  This type of 

approach also lends itself to better integration with advances in cognitive and affective 

neuroscience and the activation of specific neural circuits involved with fear, anger, and disgust, 

as well as with other specific emotional states.   

The results also imply that tendencies to appraise socially stressful situations 

optimistically or pessimistically may have significance for the pathophysiology of certain 

affective disorders and their relations to health outcomes.  Further research is needed to study 

such links, as for example, by examining cortical modulation of amygdala responses (Adams Jr. 

et al 2003; Hariri et al 2003).  Although it has long been known that negative cognitive styles 

signal vulnerability to depression (National Institute of Mental Health 2003), the opportunity 

now exists to identify specific markers in the face for negative cognitive-affective patterns that 

are associated with heightened physiological responding to stress.   

Facial expressions reveal biological responses in two major stress-response systems:  the 

sympathetic nervous system and the HPA-axis.  Facial expressions can be assessed from the first 
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moments to the last moments of life, across cultures, and across social contexts (Keltner et al 

2003). These results therefore open up new opportunities for tracking developmental trajectories 

in stress responses, for assessing culture-specific appraisal patterns, and for assessing stress 

responses in naturalistic work and family settings.   
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Footnotes 

1. Grants from the National Institute of Mental Health (MH6237602, MH056880, 

MH067346), the National Science Foundation (PECASE SES-0239637), and the Fetzer 

Foundation supported this research.   

2. To address another purpose of the study, participants also completed two projective 

tasks: (d) telling stories in response to Thematic Apperception Test (TAT) cards and (e) 

responding to a phrase association test.   

3. It is worth noting that self reports of emotional experience at baseline were positively 

correlated with corresponding facial expressions of target emotions.  Self reported fear correlated 

with lower face fear frequency .25 and with lower face fear intensity .22; self reported anger 

correlated with lower face anger frequency .33, with lower face anger intensity .24, and with 

lower face anger duration .40; self reported disgust correlated with disgust frequency .35, with 

disgust intensity .35, and with disgust duration .35; all ps < .05.  The self reports of emotional 

experience for peak stress and for recovery showed small and largely non-significant relations 

with facial expression.  It is not surprising that once social stress tasks commenced in this 

paradigm, self reports and facial expression lacked coherence.  For example, the lack of 

significant association at peak stress most likely is explained by the fact that the self reports were 

retrospective and thus subject to error.  We did not interrupt the stress tasks for people to 

concurrently report their feelings. 

4. There were no sex differences in self reported state emotion and no sex differences in 

cortisol.  There were sex differences in cardiovascular response, as others have found (Allen et al 

1993).  Specifically, males exhibited higher systolic blood pressure (SBP) and higher mean 

arterial pulse (MAP) than did females (maleSPB = 138.07, femaleSPB = 123.61: t(90) = 4.37, p < 

https://www.researchgate.net/publication/14889411_Hemodynamic_adjustments_to_laboratory_stress_The_influence_of_gender_and_personality?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
https://www.researchgate.net/publication/14889411_Hemodynamic_adjustments_to_laboratory_stress_The_influence_of_gender_and_personality?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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.001; maleMAP = 101.06, femaleMAP = 95.49: t(90) = 3.02, p < .01).  There were also sex 

differences in expression.  During the stress tasks, males displayed less anger and disgust than 

did females (maleanger = 15.72, femaleanger = 23.46: t(90) = -2.23, p < .05; maledisgust = 2.18, 

femaledisgust = 4.97: t(90) = -2.30, p < .05). 

5. One alternative possibility is that the changes in cardiovascular and cortisol response 

are driven by performance on the stress tasks, and that the facial displays of emotion are 

epiphenomenal.  To explore this possibility, we scored each participant’s performance (i.e., 

number of errors and the number of correctly counted numbers) and re-calculated the 

correlations described above, partialling out performance.  All significant results held even after 

controlling for performance. 

6. As a conservative measure, we adopted a more stringent p value (.03, 2-tailed) in order 

to account for the increased number of tests. 

7. A limitation in the data merits note.  Ideally for mediational analyses one would like a 

temporal sequence in which the hypothesized mediator is measured in between the independent 

and dependent variables (Kraemer et al 2001).  In order to avoid interrupting the flow of the 

laboratory stress tasks, however, the present study required a different sequence.  We therefore 

collected measures of dispositional optimism (the hypothesized mediator) prior to the laboratory 

session.  Individuals who scored high on the measure are assumed to optimistically appraise the 

events throughout the lab tasks whereas people who scored low are not. The full statistical 

pattern one would want is obtained, but the study design implies the need to replicate the pattern 

with a different temporal sequence. 

 8. It is worth noting that EMFACS codes for each emotion contain at least one reliable -- 

i.e., non voluntary --muscle movement.  For anger, that movement is in the lower face whereas 

https://www.researchgate.net/publication/11954025_How_Do_Risk_Factors_Work_Together_Mediators_Moderators_and_Independent_Overlapping_and_Proxy_Risk_Factors?el=1_x_8&enrichId=rgreq-f95b7e83761116bb35df69f4887462e1-XXX&enrichSource=Y292ZXJQYWdlOzY2NDk1OTM7QVM6MTA0NzQyNzQzMTgzMzc1QDE0MDE5ODQwMjQ5MTE=
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for fear that movement is in the upper face.  Because all significant correlations emerged with 

muscle movements in the lower face, voluntary regulation of expression is an unlikely cause of 

the overall data pattern observed here. 

9. The dispositional tendency to suppress expression of intense angry feelings has also 

been correlated with cardiovascular reactivity.  In such cases, the underlying anger is also 

described in explosive, violent terms (for review, see Spielberger 1996).    

 10. For example, 27% of participants who expressed anger more than once also expressed 

fear more than once.  Future research with clinical samples may follow up on specific profiles 

showing strong co-occurrence as well as specific profiles showing the no co-occurrence (i.e., 

pure emotion).  For example, individuals who display only anger/disgust versus individuals who 

display only fear would be interesting to study in terms of clinical implications. 
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Table 1 

Characteristics of Emotional Expressions Displayed 
 
 

 Participants   Average 
 Showing Average Average Duration 

 Emotion Expression Frequency Intensity (s) 
 
 
Stress Tasks (Averaging across the counting and arithmetic tasks) 
 
 Fear 31 1.87 2.02 1.58 
  
 Anger 53 2.63 3.19 2.41 
 
 Disgust 30 1.55 1.37 1.37 
 
Resting Periods (Averaging across the three rest periods) 
  
 Fear 8 .29 .38 .47 
  
 Anger 13 .41 .81 .36 
 
 Disgust 11 .16 .39 .07  
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Table 2 
 
Physiological and Neuroendocrine Measures During Rest Periods and Stress Tasks 
 
  
 Mean Std. Deviation 
 
  
A) Baseline Cortisol .21 .11 
 
B) Peak Stress Cortisol .28 .23 
 
C) Recovery Cortisol .16 .08 
 
D) Systolic Blood Pressure Across Rest Periods 113.99 11.37 
 
E) Diastolic Blood Pressure Across Rest Periods 66.32 6.31 
 
F) Beats Per Minute Across Rest Periods 68.76 9.04 
 
G) Mean Arterial Pulse Across Rest Periods   84.04   7.71 
 
H) Systolic Blood Pressure Across Stress Tasks 132.58 16.83 
 
I) Diastolic Blood Pressure Across Stress Tasks 78.57 6.79 
 
J) Beats Per Minute Across Stress Tasks 81.71 14.27 
 
K) Mean Arterial Pulse Across Stress Tasks  96.28 9.15  
  
 
Paired Comparisons t (91) p 
 
 
 A vs. B 2.83 .006 
 
 B vs. C 7.43 .001 
 
 D vs. H 18.60 .001 
  
 E vs. I 20.96 .001 
 
 F vs. J 13.90 .001 
 
 G vs. K 23.36 .001 
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Table 3  
 
The Tendency to Make Optimistic Appraisals May Mediate Paths Between Physiology and Facial Expressions 
 
 
   1 2 3 4 5 6 
 Emotion Expression Physiological Expression Expression Optimism Expression Change Sobel 
    Response to Physiology to Optimism to Physiology to Physiology in Test 
  (Beta) (Beta) (Beta) with Optimism Beta Result 
     (Beta) 
 
 
Relationships with Cortisol Responses 
 
 Fear Frequency Cortisol at Peak Stress  .29* -.24* -.22* .15 .14 2.17* 
 
 Fear Frequency Cortisol at Recovery    .32** -.24* -.21* .13 .19 2.35* 
 
 Anger Duration Cortisol at Peak Stress -.23* .26* -.22* -.07 .16 2.38* 
 
 Anger Duration Cortisol at Recovery -.23* .26* -.21* -.12 .14 2.41* 
 
 Disgust Intensity Cortisol at Recovery -.25* .23* -.21* -.10 .15 2.48* 
 
 Disgust Intensity Cortisol at Peak Stress -.27* .23* -.22* -.08 .19 2.88* 
 
Relationships with Cardiovascular Responses 
 
 Fear Frequency Systolic Blood Pressure .24* -.24* -.22* .12 .12 2.22* 
 
 Fear Frequency Diastolic Blood Pressure      .38** -.27* -.24* .19 .19 3.15* 
 
 Fear Frequency Mean Arterial Pulse   .33** -.26* -.22* .12 .21 2.89* 
 

(Table 3 continues) 
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(Table 3 continued) 
  
 Anger Duration Systolic Blood Pressure -.25* .26* -.26* -.04 .21 3.15* 
 
 Anger Duration Diastolic Blood Pressure -.44** .26* -.24* -.15 .23 2.87* 
 
 Anger Duration Beats Per Minute -.24* .26* -.27* -.03 .17 3.24* 
 
 Anger Duration Mean Arterial Pulse -.44** .26* -.22* -.15 .16 2.38* 
 
 Disgust Intensity Systolic Blood Pressure -.21* .21* -.26* -.05 .16 2.39* 
 
 Disgust Intensity Beats Per Minute -.28** .21* -.27* -.09 .15 2.44* 
 
 
Note. The tendency to make optimistic appraisals was assessed using the Life Orientation Test (Scheier and Carver 1985).  In order to 

reduce the number of significance tests, the one facial display dimension that mattered most for each emotion was analyzed. 

All p values are two-tailed. ** = p < .01. * = p < .05. (N = 92) 
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Figure Caption 

Figure 1.  Panel A: Pearson correlations between cortisol at baseline, peak stress, and recovery 

with emotion expressions of fear and indignation.  Panel B: Pearson correlations between 

cardiovascular responses and emotion expressions of fear and indignation, all measured during 

stress tasks.  

Note.  Indignation expressions were computed by averaging anger expressions with disgust 

expressions. 
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