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Abstract
This investigation considered possible health-related neurobiological processes associated with
“emotional approach coping” (EAC), or intentional efforts to identify, process, and express emotions
surrounding stressors. It was hypothesized that higher dispositional use of EAC strategies would be
related to neural activity indicative of greater trait approach motivational orientation and to lower
proinflammatory cytokine and cortisol responses to stress. To assess these relationships, 46 healthy
participants completed a questionnaire assessing the two components of EAC (i.e., emotional
processing and emotional expression), and their resting frontal cortical asymmetry was measured
using electroencephalography (EEG). A subset (N = 22) of these participants’ levels of the soluble
receptor for tumor necrosis factor-alpha (sTNFαRII), interleukin-6 (IL-6), and cortisol (all obtained
from oral fluids) were also assessed before and after exposure to an acute laboratory stressor.
Consistent with predictions, higher reported levels of emotional expression were significantly
associated with greater relative left-sided frontal EEG asymmetry, indicative of greater trait approach
motivation. Additionally, people who scored higher on EAC, particularly the emotional processing
component, tended to show a less-pronounced TNF-α stress response. EAC was unrelated to levels
of IL-6 and cortisol. Greater left-sided frontal EEG asymmetry was significantly related to lower
baseline levels of IL-6 and to lower stress-related levels of sTNFαRII, and was marginally related
to lower stress-related levels of IL-6. The findings suggest that the salubrious effects of EAC
strategies for managing stress may be linked to an approach-oriented neurocognitive profile and to
well-regulated proinflammatory cytokine responses to stress.
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According to functionalist views of emotions, emotions are complex systems that developed
over the course of human evolution to coordinate adaptive responses to the demands of physical
and social stimuli and challenges in the environment (cf., Keltner and Gross, 1999). This view
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conflicts with more traditional accounts that view emotions as maladaptive and disruptive to
rational thought and other cognitive abilities (see Damasio, 1994). In terms of stress-related
coping processes, this discrepancy between views of emotions as adaptive versus maladaptive
is an important one, as the functionalist view suggests that coping via intentional efforts to
process and express emotions is beneficial, whereas the more traditional view contends that
focusing coping efforts on emotions is detrimental to successful coping (Stanton et al., 1994).
This debate is of relevance to health, as one’s mental and physical well-being are linked, in
part, to how effectively one copes with stress (Penley et al., 2002; Taylor and Stanton, 2007).
The present investigation sought to shed some light on this matter by considering relationships
between emotion-focused coping strategies and health-related neurobiological processes.

Assessing the Role of Emotional Approach Coping
Some prior research has found that an individual’s tendency to engage in emotion-focused
coping (i.e., coping aimed at regulating the negative emotional consequences of a stressor),
particularly through emotional expression, is associated with distress and dysfunction (see
Stanton et al., 1994; Stanton et al., 2002 for reviews). However, in their review of the coping
literature, Stanton and colleagues (1994) observed that many items on emotion-oriented coping
scales are confounded with distress or self-deprecation, potentially creating a spurious
relationship in these prior studies between emotion-focused coping and maladjustment. In light
of this confound and clinical and empirical research citing benefits of processing and
expressing emotions associated with stressful events (e.g., Horowitz, 1976; Mendolia and
Kleck, 1993; Pennebaker et al., 1988), Stanton and colleagues (1994; Stanton et al., 2000b)
developed and validated self-report measures of Emotional Approach Coping (EAC), which
are unconfounded with distress and self-deprecation. Emotional processing refers to active
efforts to acknowledge one’s emotions and to explore their meanings, in order to gain a better
understanding of one’s emotional response to a stressor. Emotional expression involves active
verbal and/or nonverbal attempts to communicate or symbolize one’s emotional responses to
a stressor.

A growing body of research shows that greater use of emotion-oriented coping strategies, as
assessed with the EAC scales, is associated with more adaptive psychological and physical
health outcomes in young adults (see Austenfeld and Stanton, 2004 for a review) and medical
patient samples. For instance, greater emotional expression predicted decreased distress,
improved self-perceived physical health status, increased vigor, and fewer medical
appointments for cancer-related morbidities among women completing treatment for breast
cancer (Stanton et al., 2000a). In a study of couples undergoing an insemination treatment for
infertility, higher emotional processing and expression scores prior to the insemination attempt
predicted less distress in both women and men one week after receiving a negative pregnancy
result (Berghuis and Stanton, 2002). Higher EAC scores (both emotional processing and
expression) were also associated with lower affective pain and depressive symptoms in chronic
myofascial pain patients, and for men, the emotional expression component of EAC was
uniquely related to lower sensory pain and physical impairment (Smith et al., 2002).

Findings demonstrating health correlates of EAC are important, not only because they
contradict the conclusions drawn from research using the confounded emotional coping
measures, but also because they suggest possible methods for coping with stress that may
improve people’s mental and physical health outcomes. Despite the evidence that a focus on
emotions is adaptive when dealing with stress, the specific mechanisms through which EAC
contributes to positive health outcomes are not well-understood. Although much recent
research has revealed important connections between neural and physiological processes and
health outcomes, the relation between EAC strategies and neurobiological measures associated
with well-being have not yet been examined. The present investigation was designed to address
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this gap in the literature. Specifically, the associations of EAC strategies with neural profiles
of approach/avoidance motivational tendencies and with proinflammatory cytokine and
neuroendocrine responses to stress were examined.

Neurocognitive and Biological Processes Associated with EAC
Neurocognitive correlates of EAC

A critical component of the EAC strategy is the tendency to adopt an approach-oriented
response when coping with stress. However, the relation between EAC and basic
neurocognitive mechanisms of approach motivation have not previously been examined, and
elucidating this relationship was a primary concern of the present investigation. In the
psychophysiology literature, individual differences in approach motivation have been
associated with greater baseline activation of the left prefrontal cortex (PFC), a region involved
in self-regulation and the coordination of goal-directed action (Amodio et al., 2004; Miller and
Cohen, 2001), among other related functions. Much of the research linking left PFC activity
to approach motivation has used baseline electroencephalography (EEG) to assess left vs. right
asymmetries in frontal cortical activity, which have been localized to dorsolateral regions of
the PFC (Pizzagalli et al., 2005). This body of research has demonstrated consistent links
between greater left frontal asymmetry and both state and trait forms of approach motivation
(e.g., Amodio et al., 2008; Coan and Allen, 2003; Harmon-Jones and Sigelman, 2001),
independent of the objective valence (i.e., positivity or negativity) of the approach motivation
(e.g., Harmon-Jones, 2003).

A link between EAC and frontal asymmetry would be significant because frontal asymmetry
has been associated with a range of psychological profiles and biological processes associated
with health. For instance, individuals with greater resting left-frontal asymmetry perceive
environmental stress as less aversive, are less likely to suffer from depression, and are less
likely to show negative affect in response to certain stressors (Davidson, 1992; Henriques and
Davidson, 1990, 1991; Tomarken et al., 1990; Tomarken et al., 1992a). Similarly, manipulated
decreases in left frontal asymmetry through neurofeedback can cause depressed mood (Allen
et al., 2001). Also, a recent study reported that that a naturalistic stressor, examination stress,
was associated with a shift from relatively greater left frontal activity in students during the
low examination stress period to relatively greater right frontal activity during the high stress
examination period (Lewis et al., 2007).

Increased activity in the left neural hemisphere has also been related to increased
immunocompetence and to cortisol levels. For example, women with extreme left frontal
asymmetry had higher levels of natural killer (NK) cell function than those with extreme right
frontal activation (Kang et al., 1991), and participants with greater relative left-sided activation
had a smaller decrement in NK cell activity in vitro after an emotional stressor (Davidson et
al., 1999). A study using an in vivo immune measure found that individuals displaying greater
relative left-sided activity produced a larger antibody titer rise (i.e., a healthier immune
response) to influenza vaccination (Rosenkranz et al., 2003). The right hemisphere also appears
to be more involved in cortisol release than is the left hemisphere (Wittling, 1995), and
relatively greater left frontal activity has been related to lower cortisol levels (Buss et al.,
2003; Kalin et al., 1998).

Although underlying mechanisms are not yet fully understood, these findings suggest that, in
addition to its relationship with approach motivation, greater left-sided frontal EEG activity is
associated with healthier psychological and biological profiles. If a stronger tendency to engage
in EAC reflects a stronger underlying approach motivational orientation, a relationship
between EAC and resting frontal EEG asymmetry would be expected in this study. If found,
this relationship would thus suggest one way in which EAC may be related to health.
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Biological correlates of EAC
This study also assessed the direct relationships between EAC and biological stress responses.
Increases in proinflammatory cytokine activity are often seen in response to stressful events,
such as laboratory stressors and some psychological stressors (e.g., examinations, public
speaking) (Ackerman et al., 1998; Brydon et al., 2004; Dickerson et al., 2004; Maes et al.,
1998; Pace et al., 2006; von Känel et al., 2006; see Steptoe et al., 2007 for a review).
Proinflammatory cytokine activity, including tumor necrosis factor-alpha (TNF-α) and
interleukin-6 (IL-6), has been tied to negative emotional states and ultimately to adverse
changes in physical and mental health, and there is evidence indicating that proinflammatory
cytokines may cause depressive illness (Das, 2007). The hypothalamic-pituitary-adrenal
(HPA) axis is also commonly activated in response to stress, leading to the production of
glucocorticoids, including cortisol (Sapolsky et al., 2000). Although this response is protective
in the short term, chronic or recurrent activation can cause dysregulation of the HPA axis and
of cortisol, leading to deleterious effects with implications for health (e.g., Cannon, 1932;
Seeman and McEwen, 1996; Uchino et al., 1996). If, as the functionalist view of emotions
posits, EAC aids a person in managing stressful situations, biological stress responses may be
more well-regulated for people reporting higher EAC. To assess these relationships in the
present study, proinflammatory cytokine and cortisol responses to an acute laboratory stressor
were assessed.

Study Overview
The present research examined the relation of EAC with resting frontal EEG asymmetry in
order to test the hypothesis that EAC is associated with neural processes involved in approach
motivation. It also assessed the relationships between EAC and proinflammatory cytokine and
cortisol responses to an acute laboratory stressor to assess the implications of an EAC style for
biological stress reactivity. It was hypothesized that higher EAC scores would be associated
with greater left-sided frontal EEG asymmetry and with lower proinflammatory cytokine
(specifically sTNFαRII1 and IL-6) and cortisol responses to the stressor. Given previous work
relating EEG asymmetry to immune and neuroendocrine factors, the direct relationships
between EEG asymmetry and proinflammatory cytokines and cortisol were examined in
ancillary analyses.

Methods
Participants

Fifty-four undergraduate students or recent graduates (34 women, 20 men), ages 18 to 24 (M
= 20.1, SD = 1.45)2, participated individually in exchange for cash or extra course credit.
Participants were all right-handed to control for handedness effects on EEG asymmetry. All
participants completed the EAC scales and underwent EEG recording. Twenty-six of these
participants (20 women, 6 men) had also previously participated in a separate stress-reactivity
study, thus providing the added opportunity to look for relationships between EAC, frontal
cortical asymmetry, and biological stress responses. Prospective participants for the stress
study had been prescreened to exclude anyone with serious physical or mental health problems
(e.g., depression, diagnosis of PTSD), use of medications affecting cardiovascular or endocrine
functions (e.g., corticosteroids), current use of mental health-related medications (e.g., Prozac),
or women who were pregnant or lactating.

1sTNFαRII is the soluble receptor for the proinflammatory cytokine tumor necrosis factor-alpha (TNF-α) and reflects TNF-α activity;
sTNFαRII was assessed in this study because it is more stable and reliably measured than TNF-α (see Dickerson et al., 2004).
2Age data are not based on the full sample, as these data were not available for some of the participants.
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Of the larger sample, data from eight participants were excluded due to: excessive EEG artifact
(4), failure to follow task instructions (2), or because scores on one or more measures were
considered an outlier (SD > 3; 2). Thus, the final sample consisted of 46 participants (30 women,
16 men), with a sub-sample size of 22 (18 women, 4 men) who had also completed the stress-
reactivity protocol3.

Assessment of Frontal EEG Asymmetry
EEG recording—Upon arrival to the EEG lab, participants provided informed consent, were
fitted with a stretch-lycra electrode cap, and were seated in a dimly-lit, sound-proofed room in
a comfortable chair. EEG was collected from 28 scalp sites using Ag/AgCl electrodes and
Electro-Gel (Eaton, OH) as the conductive medium, positioned according to the 10–20 system.
These sites included midline, frontal, central, temporal, parietal, and occipital locations,
referenced to the left earlobe. A ground electrode was placed on the forehead, and EEG was
also recorded from the right earlobe. Vertical and horizontal electrooculogram (EOG) was
collected to assess eye movements and to facilitate artifact rejection. Impedances were below
5kΩ at each scalp site (below 10kΩ at EOG sites). EEG was recorded with a .1 – 100 Hz
bandpass filter and digitized at 1000 Hz using a Synamps amplifier (Neuroscan Labs, El Paso,
TX). Offline, EEG was manually scored for movement artifact and rereferenced to average
earloabe activity.

Resting EEG measurement—Participants were instructed to sit with their head and body
still while eight, 1-min intervals of EEG were recorded. Participants were instructed to keep
their eyes open for four intervals and closed for four intervals, in an order that was
counterbalanced across participants. The experimenter gave instructions via intercom from an
adjacent room.

Frontal EEG asymmetry processing—For analysis of spectral power, an eyeblink-
rejection algorithm was applied in which EOG deflections exceeding +/− 75 mV were removed.
Additional movement artifacts were removed manually. All artifact-free 2.048-ms epochs were
extracted through a Hamming window to prevent spurious estimates of spectral power.
Contiguous epochs were overlapped by 75% to minimize loss of data due to Hamming window
extraction, and power spectra were calculated via fast Fourier transform (Davidson et al.,
2000). These power values (in µV2) were averaged across epochs within each 1-min resting
trial. Because alpha power is inversely related to cortical activity (Lindsley and Wicke,
1974), total power within the alpha frequency range (8–13 Hz) was obtained for analysis. The
power values at each site were natural log transformed (to reduce skew) and averaged. Alpha
asymmetry scores were computed for frontal, temporal, parietal, and occipital regions of the
scalp by subtracting left log-alpha power from right log-alpha power, such that higher scores
indicated greater left-sided EEG activity. Frontal asymmetry was quantified as the difference
between activity at frontal sites Fp2 and Fp1, and the frontal EEG asymmetry scores used for
all reported analyses were computed to be the standardized residuals that resulted from a
regression analysis in which frontal asymmetry was the dependent variable and asymmetry
scores at the parietal, temporal, and occipital regions were the predictors.

3T-tests revealed that participants who participated in both the EEG study and the stress-reactivity study were older, t (33) = 4.09, p < .
01, and more likely to be female, t (44) = 2.35, p = .02, compared to those who only participated in the EEG study. This age difference
is most likely superficial, however, as some of the age data were missing from the group of participants who participated only in the EEG
study. The age data that were available for the EEG-only group were for participants in an introductory psychology course of 18 to 20
year olds, although older students were presumably included in this EEG-only group as well. The two groups of participants did not
differ in EAC scores or frontal cortical asymmetry scores (all p’s > .12).
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Self-Report Measures
Emotional approach coping measurement—Following EEG recording, participants
completed Stanton et al.’s (2000b) self-report measure of dispositional EAC. This measure
was embedded in a set of short personality and attitudes surveys and was completed in privacy.
The EAC questionnaire asked participants to indicate what they “generally do and feel when
you experience stressful events.” Participants responded to the 16 items using a scale ranging
from 1 (“I usually don’t do this at all”) to 4 (“I usually do this a lot”). The emotional processing
and emotional expression components of EAC were each assessed with 8 intermixed items4.
Examples of items measuring emotional processing included, “I take the time to figure out
what I’m really feeling” and “I delve into my feelings to get a thorough understanding of them.”
Examples of items measuring coping through emotional expression included, “I take time to
express my emotions” and “I let my feelings come out freely.” For each participant, an average
score for each scale was computed, as was an average overall score based on all 16 items.
Cronbach’s alphas for the emotional processing and emotional expression scales were .89 and .
86, respectively, and for the overall scale was .89. The correlation between the two EAC scales
in this study was r (44) = .36, p = .01, as is typically observed (Stanton et al., 2000b).

Behavioral inhibition and activation—All participants also completed Carver and
White’s (1994) BIS and BAS scales in order to assess the relationships between the EAC scales
and a broader individual difference measure of dispositional approach (i.e., BAS) . BIS items
(7) and BAS items (13) were intermixed, and average scores were computed separately for the
BIS and BAS scales. In this sample, BIS and BAS were uncorrelated, r (44) = −.04, p = ns, as
in previous research (e.g., Carver & White, 1994).

Depressive symptoms—In the sub-sample of participants that participated in the stress-
reactivity study, depressive symptoms were assessed via the Beck Depression Inventory (BDI;
Beck et al., 1961). The 21-item BDI assesses the cognitive, affective, and vegetative symptoms
of depression rated on a 4-point scale from 0 to 3. The BDI is a well validated and widely used
measure of depression, and it was included in the present investigation in order to assess and
control for relationships between depressive symptomatology and proinflammatory cytokine
levels, given their well-documented association.

Health behaviors—The participants in the sub-sample also completed a questionnaire to
assess health behaviors on the day of the stress-reactivity study that are known to affect the
immune system, including coffee and alcohol consumption, number of cigarettes smoked,
prescription drug use, amount of exercise that day, and hours of sleep the previous night.

Stress Task Protocol
Baseline assessments—Laboratory visits were scheduled for the afternoon between 2:30
and 4:30 PM to minimize variability due to the circadian rhythm of cortisol (Kirschbaum and
Hellhammer, 1989). Participants were asked not to consume caffeine or eat anything for at
least 1 hour before their session.

Ten min after entering the laboratory and after informed consent was obtained, baseline
samples of oral mucosal transudate (OMT), for analysis of proinflammatory cytokines
(sTNFαRII and IL-6), and of saliva, for cortisol analysis, were collected. Saliva contains
enzymes and other particles form the parotid and salivary glands, and it provides an established
method for assessing cortisol (Kirschbaum and Hellhammer, 1989). OMT is a filtrate of blood

4Shorter versions of the EAC scales also exist, in which emotional processing and emotional expression are each assessed with only 4
items (Stanton et al., 2000b). All findings reported herein are based on the expanded 8-item versions of the EAC scales; however, when
the analyses were conducted with the 4-item versions of the scales, the findings were nearly identical.
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plasma and has been validated for assessing certain markers of immune activation (Nishanian
et al., 1998). Specifically, Nishanian and colleagues (1998) found that levels of sTNFαRII in
OMT were significantly and highly correlated with those obtained from plasma (p < .026). In
addition, Dickerson et al. (2004) used OMT for measurement of sTNFαRII in healthy
participants and found significant increases in sTNFαRII 30 min after the onset of a stressor,
an effect that was replicated across three experimental sessions on separate days. Thus, oral
fluids provide a non-invasive and easily repeatable way to reliably measure neuroendocrine
and immune activity.

To collect OMT samples, an Orasure collective device (Epitope, Beaverton, OR) was placed
between the lower cheek and gum. To collect saliva samples, participants rolled a sterile cotton
swab in their mouth for 3 min and then placed the swab in a Salivette® salivary collection tube
(Sarstedt, Inc., North Carolina). After completing a set of interview questions about their home
life, friendships, romantic relationships, work and hobbies (material that is not part of the
present analyses), participants were escorted to the laboratory for the stress challenge tasks.

Rest and stress challenge tasks—Participants sat at a table and rested for 10 min in order
to relax and allow physiological function to approach resting levels. They then completed the
Trier Social Stress Test (TSST; Kirschbaum et al., 1993), a widely-used laboratory stress
challenge known to elicit biological stress responses. In brief, the TSST consists of preparation
(5 min) and delivery (5 min) of a speech to an unresponsive audience, followed by 5 min of
critiqued mental arithmetic. Approximately 25 min after the onset of the TSST, second samples
of OMT and saliva were collected (Post-Stress assessment 1; PS1). Following an additional
30 min of recovery time, during which additional questionnaires (e.g., demographics and the
health behavior survey) were completed, the third set of samples of OMT and saliva were
collected (Post-Stress assessment 2; PS2). The PS1 and PS2 samples approximately
correspond to peak and recovery levels of cortisol, respectively (Dickerson and Kemeny,
2004). Although, like cortisol, proinflammatory cytokine increases to acute psychological
laboratory stressors appear after a delay, they have been shown to continue to increase for up
to 2 hours or more post-stress (Steptoe et al., 2007). Thus, assessments at both PS1 and PS2
of sTNFαRII and IL-6 were intended to measure stress-induced increases in these
proinflammatory cytokines.

Assay Procedures
Vials containing OMT and saliva samples were refrigerated immediately after collection, and
within 16 hours transferred to a −80°C freezer for storage. Saliva samples were shipped for
overnight delivery on dry ice to the Behavioral Endocrinology Laboratory at Pennsylvania
State University where the cortisol assays were conducted. 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 within a pH range of 3.5 – 9.0, which allows for
robust results when using the HS-Cortisol Assay. The inter- and intra-assay coefficients of
variation were less than 15% and 10%, respectively. Due to a processing error, cortisol data at
time points PS1 and PS2 were missing for one participant. For the data analyses, cortisol
measurements from each time point (baseline, PS1, and PS2) were log-transformed to correct
for non-normality (prior to the transformation, a constant of 1 was added to each measurement
so that all log-transformed values would be positive).

The proinflammatory cytokine assays were conducted at the Center for Interdisciplinary
Research in Immunology and Disease (CIRID) at the University of California, Los Angeles.
sTNFαRII was measured using the Quantikine Human sTNFαRII enzyme immunoassay kit
manufactured by R&D Systems (Minneapolis, MN), and IL-6 was measured using the IMx
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automated microparticle enzyme immunoassay system (Abbot, Abbott Park, IL). The inter-
and intra-assay coefficients of variation were less than or equal to 4.1% and 7.5%, respectively,
for sTNFαRII and were less than 9.0% and 3.3%, respectively, for IL-6. Protein in oral fluids
was quantified by the Bradford method using the Bio-Rad protein assay kit with bovine plasma
albumin as the standard. All sTNFαRII and IL-6 results are reported using analyte-to-protein
ratios, or the ratio of the experimental value for the analyte to the protein concentration in the
same test sample. Because the analyte-to-protein ratio controls for differences in salivary flow
rate, which could be altered by the experimental procedures or vary between individuals, the
ratio values are more reliable than the analyte values alone (Dickerson et al., 2004; Nishanian
et al., 1998). As with the cortisol values, the IL-6/protein ratios for each of the collection time
points (baseline, PS1, and PS2) were log-transformed (after a constant of 1 was added to each
measurement) to correct for non-normality. The sTNFαRII/protein ratios for each of the three
collection time points were not transformed, as values on this measure were normally
distributed.

Results
Relation of EAC to Resting Frontal EEG Asymmetry and to BAS

To test the primary hypothesis that higher EAC scores would be related to greater left-sided
frontal EEG asymmetry, correlations were conducted between EAC scores and frontal EEG
asymmetry scores. Consistent with the hypothesis, greater left-sided frontal EEG asymmetry
was significantly positively correlated with total EAC score, r (44) = .33, p = .03 (see Fig. 1).
Additional analyses examined the relationship between frontal EEG asymmetry and the
separate EAC scales. These revealed that frontal EEG asymmetry was significantly correlated
with emotional expression, r (44) = .39, p < .01, but not with emotional processing, r (44) = .
18, p = ns5. Thus, as predicted, individuals who reported engaging in more emotional approach
coping, particularly through emotional expression, evinced neural activity indicative of greater
approach motivation.

Because a tendency to engage in EAC may simply be a proxy for more generalized dispositional
approach orientation (e.g., BAS), we assessed the correlations between the EAC variables and
BIS/BAS scores. None of these correlations were significant (all p’s > .34), and controlling
for BAS did not alter the significant relationships found between frontal EEG asymmetry and
total EAC scores or emotional expression scores.

Preliminary Analyses of Proinflammatory Cytokine and Cortisol Data
As expected, proinflammatory cytokine levels increased from baseline to PS1 and from PS1
to PS2 for both sTNFαRII and IL-6, and when controlling for health behaviors known to affect
the immune system, the effect of time was significant for sTNFαRII, F (2, 36) = 4.76, p = .02,
and was marginally significant for IL-6, F (2, 36) = 2.33, p = .11. Cortisol also displayed the
expected pattern, as PS1 (peak) levels of cortisol were higher than both baseline and PS2
(recovery) levels, and this quadratic effect of time was significant, F (1, 20) = 7.81, p = .01.

Preliminary analyses also assessed relationships between baseline levels of cortisol and
baseline levels of sTNFαRII and IL-6, and between changes in the levels of these parameters
from baseline to PS1, and, in the case of the proinflammatory cytokines, from baseline to PS2.
The significant relationships were as follows (when controlling for health behaviors): baseline
levels of cortisol were marginally inversely correlated with baseline levels of both sTNFαRII,
r = −.44, p = .07, and IL-6, r = −.41, p = .09, and baseline levels of sTNFαRII and IL-6 were

5There were no significant relationships found between EAC scores and EEG asymmetry at non-frontal scalp sites (i.e., the parietal,
temporal, and occipital regions).
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highly positively correlated with each other, r = .80, p < .001. Changes in sTNFαRII from
baseline to PS1 were significantly and positively related to changes in IL-6 from baseline to
PS1, r = .53, p = .02, and changes in sTNFαRII from baseline to PS2 were significantly and
positively related to changes in IL-6 from baseline to PS2, r = .59, p = .01.

Relation of EAC to Proinflammatory Cytokine and Cortisol Reactivity
It was hypothesized that higher dispositional EAC would be associated with lower
proinflammatory cytokine (i.e., sTNFαRII and IL-6) and cortisol reactivity to the TSST.
Consistent with predictions, in partial correlations controlling for baseline levels of sTNFαRII,
sTNFαRII at time PS1 was significantly negatively correlated with total EAC score, r (19) =
− .50, p = .02 (see Fig. 2), and with the emotional processing component of EAC, r (19) = −.
48, p = .03, and it was marginally related to the emotional expression component of EAC, r
(19) = −.41, p = .06, at this time point6. That is, people who reported that they were more likely
to cope with stressors by actively processing and expressing their emotions exhibited lower
sTNFαRII responses to the TSST 25 min after the onset of the stressor than people who were
lower on emotional approach. A similar trend was found at assessment PS2, although not
significantly so (partial correlations between EAC scores and sTNFαRII levels at PS2,
controlling for baseline levels of sTNFαRII, produced r’s that ranged from −.32 to −.28, and
p’s ranged from .16 to .22). When controlling for health behaviors in addition to baseline levels
of sTNFαRII, the relationships of sTNFαRII at time PS1 to total EAC score and to the emotional
processing component of EAC were marginally significant (r = −.43, p = .08 and r = −.40, p
= .10, respectively), and the relationship of sTNFαRII at time PS1 to the emotional expression
component of EAC became nonsignificant (r = −.34, p = ns).

In partial correlations controlling for baseline levels of IL-6 and cortisol, respectively, EAC
scores were not significantly related to PS1 levels of IL-6 and cortisol, or to PS2 levels of IL-6.
Also, no significant relationships were found between EAC scores and baseline levels of
sTNFαRII, IL-6, or cortisol. The relationship between EAC scores and rate of recovery of
cortisol stress responses, as assessed by computing the partial correlation between EAC scores
and PS2 cortisol levels controlling for PS1 cortisol levels, was also not significant. Similar
findings were obtained when controlling for health behaviors.

Given that depression has been shown in a number of studies to relate to proinflammatory
cytokine levels, the relationships between depressive symptomatology measured by the BDI
and proinflammatory cytokine levels in the present sample were assessed. No significant
relationships were found between BDI scores and baseline levels or changes in levels of
sTNFαRII and IL-6. Nonetheless, the previous analyses involving proinflammatory cytokines
were re-conducted controlling for BDI scores, and nearly identical results were obtained. Also,
controlling for BAS scores did not affect the results of any of these analyses.

Relation of Resting Frontal EEG Asymmetry to Biological Stress Responses
On the basis of previous research (e.g., Buss et al., 2003; Davidson et al., 1999; Kang et al.,
1991), it was postulated that greater left-sided frontal asymmetry would be associated with
lower baseline and stress-related levels of proinflammatory cytokines and cortisol. In line with
this prediction, a marginally significant relationship was found between greater left-sided
frontal asymmetry and lower levels of sTNFαRII at time PS1 (controlling for baseline
sTNFαRII levels), r (19) = −.40, p = .07. This trend was also seen at PS2, r (19) = −.35, p = .
12. When controlling for health behaviors, however, statistically significant relationships
emerged between frontal asymmetry scores and proinflammatory cytokine levels. Specifically,
greater left-sided frontal asymmetry was significantly related to lower baseline levels of IL-6,

6In this sub-sample of participants, the correlation between the two EAC scales was r (20) = .61, p < .01.
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r = −.58, p < .01, and to lower levels of sTNFαRII at time PS2 (controlling for baseline levels
of sTNFαRII), r = −.56, p = .02. Greater left-sided frontal asymmetry was marginally correlated
with lower levels of IL-6 at time PS2 (controlling for baseline levels of IL-6), r = −.39, p = .
11. Controlling for BDI scores did not affect any of these results. Thus, participants with greater
left-sided frontal asymmetry had lower baseline levels of IL-6 and lower post-stress
sTNFαRII levels, and tended to have lower post-stress IL-6 levels, compared to individuals
scoring lower on the frontal asymmetry measure. No other significant relationships were found
between frontal asymmetry and baseline, PS1, or PS2 levels of sTNFαRII, IL-6, or cortisol.

Discussion
Accumulating evidence reveals that a focus on emotions is adaptive when dealing with
stressors, and the present investigation considered neurobiological processes by which
emotional approach coping may be related to enhanced health. The primary hypothesis that a
dispositional tendency to cope via emotional approach would be related to established neural
correlates of approach motivational orientation was supported. That is, participants higher in
EAC, and particularly in the emotional expression component, showed greater relative left-
sided resting frontal EEG activity, which is indicative of a greater dispositional approach
motivational orientation.

Although not predicted, it is not surprising that frontal asymmetry was significantly related
only to the emotional expression component of EAC, and not to emotional processing, as
emotional expression involves active verbal and/or nonverbal attempts to communicate or
symbolize one’s emotional experience regarding a stressor. As such, emotional expression
entails a behavioral component in which one engages his/her emotions and acts upon them,
which conceptually would be expected to relate to one’s dispositional approach/avoidance
tendencies. Emotional processing, by contrast, may take on different forms for different people.
Whereas for some people emotional processing involves approach towards, and engagement
and exploration of, one’s emotions, it may be more likely to take the form of rumination or
negative cyclic thinking for others. Rumination has been conceptualized by Martell and
colleagues (2001) as an escape or avoidance behavior that keeps an individual separated from
others and may prevent problem solving, and, indeed, it has been found that individuals who
are more likely to engage in behavioral avoidance are more likely to ruminate (Moulds et al.,
2007). Thus, the relationship between emotional processing and approach/avoidance
tendencies is not a straightforward one.

On the whole, the frontal asymmetry findings support the contention that a person’s tendency
to cope via emotional approach may be a reflection of a more centrally-mediated
neurocognitive profile associated with approach motivation. Because there is evidence that
frontal EEG asymmetry is related to affect and depression (Davidson, 1992; Henriques and
Davidson, 1990, 1991) and to immune and neuroendocrine functioning (Buss et al., 2003,
Davidson et al., 1999; Kang et al., 1991; Rosenkranz et al., 2003), the relationship found
between the emotional expression component of EAC and frontal asymmetry suggests that the
tendency to act on one’s emotions in response to stress may represent one out of many potential
motivational and cognitive mechanisms involved in self-regulation and associated with activity
in the prefrontal cortex. Thus the relationship between emotional expression and adaptive
health outcomes may be due to its association with these underlying self-regulatory processes.

The stress manipulation (i.e., the TSST) caused significant increases in cortisol levels and in
levels of the soluble receptor for the proinflammatory cytokine TNF-α (sTNFαRII), which
reflects TNF-α activity. It also produced marginally significant increases in interleukin-6
(IL-6). As expected, significantly elevated cortisol levels were seen approximately 25 minutes
following the onset of the stressor which returned to pre-stress levels by 55 minutes, whereas
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the increases in the proinflammatory cytokines persisted over the 55 minutes following the
onset of the stress task. Although a growing body of research has similarly found increases in
proinflammatory markers following acute laboratory-induced psychological stress (see Steptoe
et al., 2007), cortisol, which is also released in response to acute laboratory stress (see
Dickerson and Kemeny, 2004), is well-known for its suppressive effects on proinflammatory
cytokine production and expression. This inverse relationship was somewhat evident in the
present investigation, as baseline levels of cortisol were marginally negatively correlated with
baseline levels of sTNFαRII and IL-6. Nonetheless, there are several biological mechanisms
by which increases in proinflammatory cytokines could be expected in response to acute
psychological stress (see Steptoe et al., 2007 for a review). For instance, the autonomic nervous
system and neuroendocrine pathways are involved in the stimulation of TNF-α and IL-6
production (Sanders and Kavelaars, 2007). Additionally, Bierhaus and colleagues (2003) have
demonstrated that NF-κB in peripheral blood mononuclear cells (PBMC), a transcription factor
that is involved in setting in motion the inflammatory signaling cascade, is rapidly induced
during acute stress exposure (i.e., the TSST) in parallel with catecholamine and cortisol
responses. Bierhaus et al. (2003) additionally found that this increase in NF-κB activity
returned to baseline levels within 60 minutes of the stressor, and that participants who did not
show any stress-dependent increases in stress hormones did not induce NF-κB binding activity;
this pattern suggests that the latter response depends on the response to psychological stress.
Thus the inter-relationships among sympathetic, neuroendocrine, and immune responses to
stress are complex, and, although the effect is well documented, at the current time the precise
mechanisms through which proinflammatory cytokine levels increase in response to
psychological stressors remain unclear.

The findings of this investigation also suggest that levels of emotional approach coping may
be related to stress-related levels of sTNFαRII. Participants’ self-reported levels of emotional
processing were significantly inversely related to their stress-related levels of sTNFαRII 25
minutes after the onset of the TSST (this relationship was marginally significant when
controlling for health behaviors), and their levels of emotional expression were marginally
related to their stress-related levels of sTNFαRII as well (although nonsignificant when
controlling for health behaviors). For the most part, these data suggest that people who are
more likely to cope with stressors by approaching their emotions, particularly through
emotional processing, may evince a less-pronounced TNF-α stress response compared with
those lower in EAC. Thus, if people who are less likely to approach their emotions surrounding
stressors produce greater stress-induced amounts of proinflammatory cytokines, over repeated
instances of stress this could eventually lead to the development of a chronic, low-grade
inflammatory state, which, in turn, may accelerate the risk of them developing a number of
age-related diseases. Indeed, elevated levels of proinflammatory cytokines, including TNF-α
and IL-6, have been associated with numerous adverse health outcomes, such as coronary heart
disease, type II diabetes, osteoporosis, arthritis, certain cancers, periodontal disease, and
functional decline (e.g. Harris, et al., 1999; Kiecolt-Glaser et al., 2002; Papanicolaou et al.,
1998; Ridker et al., 2000a, 2000b; Seeman et al., 1997).

This investigation also permitted exploration of the relationships between frontal EEG
asymmetry and the biological parameters measured in the stress-reactivity study. A growing
body of research shows that frontal EEG asymmetry is associated with certain immune
parameters, and some similar relationships were seen in the present investigation. Specifically,
greater left-sided frontal EEG asymmetry was significantly related to lower stress-related
sTNFαRII levels, and was marginally related to lower stress-related IL-6 levels, approximately
55 minutes after the onset of the laboratory stressor. In addition, greater left-sided frontal EEG
asymmetry was highly significantly related to lower baseline levels of IL-6. Whereas previous
research linking frontal asymmetry to immune function has reported relationships between
neural activity and NK cell activity (Davidson et al., 1999; Kang et al., 1991) and antibody
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response to vaccination (Rosenkranz et al., 2003), to our knowledge, the present investigation
is the first to link frontal EEG asymmetry to baseline levels of IL-6 and to stress-related levels
of sTNFαRII, and to a lesser extent, IL-6. Although the exact biological pathways underlying
these relationships are yet to be identified, these findings suggest that individuals with greater
dispositional approach orientations (measured with EEG) may be less reactive to acute stress
situations such as the TSST, as indicated by these immune parameters. They also lend credence
to the idea that individuals who are less approach oriented may have a relatively elevated
baseline inflammatory state.

Finally, the present study also considered individual difference variables that could affect the
main relationships under investigation. That is, BAS was assessed to measure general self-
reported approach tendencies, and the BDI was administered to assess depressive symptoms
that could have been influencing proinflammatory cytokine levels. EAC scores and BAS scores
were not correlated, and controlling for BAS did not affect the relationships between EAC and
frontal EEG asymmetry. Thus, it appears that the relationship between EAC and frontal
asymmetry reflects something specific about emotional approach coping and not approach
more generally. Also, BDI scores were not related to proinflammatory cytokine levels, and
controlling for BDI scores in the analyses involving the proinflammatory cytokines did not
considerably alter any of the results. One reason for the lack of a relationship between
depressive symptoms and cytokines may be that there was a restricted range in the BDI scores,
as depressed persons were screened out of the study. Nevertheless, how depression affects the
relationships between EAC and immune parameters remains important to consider in the
future, given the known relationships among depression, proinflammatory cytokines,
emotions, and coping processes.

Limitations and Future Directions
This study is not without certain limitations. First, only a sub-sample of the participants
underwent the laboratory stress protocol, and a larger sample would have yielded more power
to detect significant relationships among variables. Thus, the conclusion that EAC is not related
to IL-6 or cortisol may be premature. Furthermore, had the post-stress monitoring of
proinflammatory cytokines been longer, relationships between stress-related levels of IL-6 and
EAC and/or frontal asymmetry might have eventually been seen, as cytokine stress responses
take some time to emerge and may thus be more apparent over longer periods. For example,
Steptoe and colleagues (2001) found that stress-induced increases in plasma IL-6 were most
apparent 2 hours following stress [although other studies have found increases sooner (e.g.,
von Känel et al., 2006)].

Although not necessarily a limitation, it should be noted that, because we were interested in
whether dispositional EAC is associated with dispositional motivation orientations and typical
responses to stress, we felt these measures need not be collected during the same session; thus,
the stress reactivity data were collected during a different session than the resting frontal EEG
asymmetry data and EAC data. Although it is possible that outside circumstances could have
influenced participants in different ways during each session, we do not expect that this was a
major factor in the results, as the measures obtained (i.e., dispositional EAC and resting frontal
EEG asymmetry) are both trait measures and have been shown to have high test-retest reliability
(Austenfeld and Stanton, 2004; Tomarken et al., 1992b). In actuality, the fact that some of the
measures were collected in two separate sessions and that meaningful relationships were
nonetheless found between them may, in fact, attest to the strength of these relationships.

Also due to the nature of the research questions involving dispositional orientations and
responses, the data collected were correlational. Although the pattern of correlations found in
this investigation may appear suggestive of a statistically-mediated relationship between the
emotional expression component of EAC and stress-related sTNFαRII levels by frontal EEG
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asymmetry, a full mediational model was not put forth or tested, as there is not a clear theoretical
reason to expect this pathway. That is, the measures of EAC and frontal asymmetry assessed
in this investigation reflect “trait” assessments, and it is not clear theoretically whether there
should be causal relations among these variables. Furthermore, although one may find
statistical mediation among a set of variables, statistical effects alone cannot establish a causal
model.

It would be interesting in future research, however, to more directly test the causal pathways
underlying some of the relationships among the psychological, neural, and immunological
variables assessed in this study. For instance, we have speculated that people lower in emotional
processing may be less adept at coping with stressors than those higher in emotional processing,
a consequence of which may be a tendency toward heightened TNF-α reactivity to stress; the
possibility also exists, however, that having a heightened TNF-α response to stress could cause
people to be less likely to approach their emotions surrounding stressors. In actuality, it is
probably the case that reciprocal causal pathways exist, as, for example, administration of
proinflammatory cytokines to animals has been shown to induce strong behavioral
disengagement (Dantzer et al., 2001; Yirmiya et al., 1999).

It appears that the ways in which EAC and health may be related could be different for the two
EAC components, as only emotional expression was related to frontal cortical asymmetry, and
emotional processing was more strongly related to post-stress sTNFαRII levels than was
emotional expression. Future experimental studies could thus help clarify some of these
relationships. Despite these differences, one common mechanism of EAC’s effects may
involve appraisal processes, as one’s appraisal of the stressfulness of a situation may be
lessened by expressing one’s emotional reactions to the stressor and/or by gaining a better
understanding of these reactions, thus reducing the stressor’s perceived significance and/or
intensity and, in turn, one’s physiological responses to it (Lazarus and Folkman, 1984).

Conclusion
The present investigation considered relationships among biological, electrophysiological, and
self-report data to identify the neurobiological correlates of emotional approach coping. As
hypothesized, higher levels of EAC were related to greater left-sided frontal EEG asymmetry,
indicative of greater trait approach motivation. Higher EAC scores were also associated with
lower sTNFαRII levels in response to a laboratory stress task. Additionally, frontal EEG
asymmetry was found to be related to baseline and stress-related levels of proinflammatory
cytokines. The results shed light on the debate between the functionalist and more traditional
views of emotions concerning the adaptive potential of emotion-focused coping. Our findings
suggest that focusing coping efforts on emotions is potentially beneficial, consistent with the
functionalist view that emotions are adaptive and organize self-regulatory responses.
Importantly, no evidence was found in support of the idea that coping via focusing on one’s
emotions is maladaptive, as the more traditional view of emotions would posit. Overall, the
results are consistent with the growing body of research suggesting that emotional processes
serve broad regulatory functions that promote adaptive responses to stress.
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Figure 1.
Relation between emotional approach coping and frontal EEG asymmetry. Higher overall EAC
scores (displayed on the abscissa) were associated with greater left-sided frontal EEG
asymmetry. The ordinate displays the frontal EEG asymmetry scores, which represent
residualized right- minus left-sided alpha power at frontal scalp sites, controlling for
asymmetry at other scalp regions. Higher frontal EEG asymmetry scores indicate greater left-
sided frontal cortical activity, which is indicative of greater trait approach orientation.
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Figure 2.
Relation between emotional approach coping and post-stress sTNFαRII. Overall EAC scores
(displayed on the abscissa) were negatively correlated with stress-responsive levels of the
soluble receptor for tumor necrosis factor-alpha (sTNFαRII) at 25 min after the onset of the
stressor. The scores displayed on the ordinate represent residualized levels of sTNFαRII at the
PS1 assessment, controlling for baseline levels of sTNFαRII.
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