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The current study investigated young men’s neuroendocrine responses 

(i.e., cortisol fluctuations) when interacting with either similar or 

dissimilar others during a group task. During the group task participants 

were either fully included or actively excluded from the group discussion 

by the other members of the group. All group members interacted via a 

computer-mediated discussion. Participants provided saliva samples at 

three separate time periods during the research. It was found that 

interacting with highly dissimilar others increased circulating cortisol 

levels when participants were excluded by dissimilar others. Of interest, 

higher baseline testosterone levels predicted subsequent cortisol rise 

when dissimilar others behaved pro-socially or when similar others were 

perceived as excluding the participant. We interpret this as cortisol 

working to dampen an individuals’ tendency towards aggressiveness or 

dominance seeking behavior at times when such behavior might not be 

advantageous. Overall, the change in cortisol levels was predicted by 

baseline testosterone levels, and a three-way interaction suggests the 

effect was not the same across conditions. The pattern may be of 

theoretical interest in terms of context dependent neuroendocrine 

interactions. 

 

The function of emotion is often viewed as a guide to the selection of 

appropriate behavioral responses. Moreover, it has been convincingly 

argued that emotions exist to focus attention on those aspects of the 

environment that are most salient to navigating a complex situation 

effectively (Campbell, 2005). Neuroendocrine responses (including 

hormonal changes in testosterone and cortisol) underlie these emotional 

states, focus attention, and likely alter behavioral tendencies (see Nelson, 

2011, or Buss, 2005 for overviews). 

Relatively little is known about how characteristics of perpetrators 

influence neuroendocrine responses to exclusionary behavior. This 

research serves to extend previous work in this area which has found that 

testosterone levels fluctuate depending on whether men believe they are 

working with others who were either similar or dissimilar to themselves 
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(DeSoto, Hitlan, Doel & McAdams, 2010). Using previously un-

analyzed data from the same data set, the current report extends the work 

above and addresses how testosterone relates to other neuroendocrine 

guides to behavior. Does the relationship between social cues and cortisol 

differ as a function of individual differences in baseline testosterone 

levels?  
Previous research has shown that testosterone levels increase when 

interacting with highly similar others and decrease when interacting with 

highly dissimilar others; such differences likely have broader 

implications for intergroup relations through their ability to affect action 

tendencies (DeSoto et al., 2010; Mehta, Wuehrmann, & Josephs, 2009). 

Testosterone level may be a variable that reflects individual differences 

in dominance seeking (see for example Archer, 2004; Olweus, Mattison, 

Schalling & Low, 1988). The current report conceptualizes interacting 

with unknown, dissimilar others as representing the kind of situation that 

could be stressful and depending on the nature of the interaction, could 

escalate to violence. The current report measures the responsiveness of 

the  Hypothlamic-Pituitary- Adrenal (HPA) axis along with measures of 

testosterone.  

Decades of research have provided significant support for the idea 

that HPA activation, and the resultant cortisol increases, suppress 

testosterone’s effects on behavior (Smith, Syms, Negt, Lerner & Norris, 

1985; Tilbrook, Turner & Clark, 2000). Recent research has offered 

support for the idea that a low level of cortisol is necessary for 

testosterone to increase aggressive tendencies and that high cortisol 

levels actually can block the testosterone-dominance connection (Popma 

et al., 2007; Mehta & Josephs, 2010). Thus, testosterone and cortisol may 

be viewed as potentially somewhat antagonistic, in effect offering 

competing messages with respect to social aggression.  

 

Importance of group membership  

Clearly, the most adaptive response to a stressor should depend on 

salient social and /or environmental cues. Conceptually, responses can be 

thought as threat versus challenge.  “Threat responses” are suggested to 

emanate when situational demands (e.g., fear, uncertainty and overall 

risk) are potentially greater than one’s personal resources (e.g., skills and 

abilities) for dealing with such demands; whereas, a less threatening 

“challenge response” will occur when personal resources for dealing with 

a stressful situation are greater than those required by the situation and 

when there is a potential for personal benefit. In contrast to challenge 

situations, threat situations are closely related to increased activity of the 

hypothalamic-pituitary-adrenocortical (HPA) axis and the release of 
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cortisol (Blascovich & Berry-Mendes, 2000; Blaskovich & Tomaka, 

1996; Dickerson & Kemeny, 2004).  

Of particular import for the current research, threat response patterns 

seem especially likely to emerge when interacting with others who are 

believed to be highly dissimilar to oneself (Blaskovich, Berry-Mendes, & 

Seerly, 2003). African-American and White participants interacted with 

same or other-race participants and were led to believe the other 

participant was either highly similar or highly dissimilar to oneself (i.e., 

SES, race, etc.). Overall, interacting with similar others produced 

physiological changes consistent with a challenge response whereas 

interacting with dissimilar others was more likely to produce 

physiological changes consistent with a threat response. This effect was 

strongest when participants interacted with others who were dissimilar on 

both SES and race (Blascovich, Berry-Mendes, & Seerly, 2003). In the 

current research, we suggest that two fundamental response signals 

involved in the social self-preservation system are the similarity between 

the perpetrator(s) and targets; and whether others are behaving in a pro-

social manner (inclusion) or actively excluding and discounting an 

individual. Further, we suggest that individual differences in the target’s 

testosterone may be a factor.  

 

Cortisol and Testosterone 

According to the dual hormone hypothesis, the effects of testosterone 

on dominance seeking behaviors are moderated by cortisol levels (Mehta 

& Josephs 2010; Terberg, Morgan & van Honk, 2009). Overall, the 

combination of testosterone and cortisol together likely guides propensity 

to aggress against other males. We further consider that it would be 

adaptive to suppress any tendency towards a challenge response when the 

risk of harm is high, or when the possibility of benefit exists if one does 

not aggress. Since low cortisol seems to be a prerequisite for testosterone 

to increase dominance behaviors, HPA activation (cortisol change) would 

be a ready means to dampen any tendency towards aggression. In 

keeping with the dual hormone hypothesis, we suspect that a single 

hormone will be unable to properly moderate complex behavioral 

tendencies that require analysis of multiple cues; that is cortisol and 

testosterone together help an individual to select the most appropriate 

behavior. It is unclear whether the rules of any testosterone and cortisol 

interaction may change, and whether individual differences in baseline 

hormone levels are a key variable.  We wondered if baseline levels of 

testosterone would alter the rise in cortisol that occurs as a function of 

social circumstance.  

In summary, we assumed that a) the most adaptive response to 

exclusionary behavior would be fundamentally changed as a function of 
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whether one was interacting with an in-group versus an out-group;  b) 

that testosterone level is an individual difference variable and serves as a 

pre-existing “neuroendocrine nudge” that predisposes towards aggression 

and/or dominance seeking. Thus, we tested whether cortisol change 

caused by social cues or environmental stress could be affected by pre-

existing “neuroendocrine nudges” (i.e. baseline testosterone levels). 

 

Study Overview 

The present research measured testosterone and cortisol and then 

examined the effects of being overtly excluded on cortisol fluctuation. 

Participants were recruited for a study examining the impact of different 

forms of communication (e.g., face-to-face, chatroom) on performance 

within a task-oriented group. Prior to the group interaction, participants 

completed an online “personality and attitude survey” and were then 

provided specific (but bogus) information about how similar they were to 

their other group members. Essentially, participants were told that they 

were very similar in their beliefs, background and hobbies to the other 

members, or, participants were told they were surprisingly different on 

such variables from the other group members. During the group 

interaction, participants were either included or overtly excluded by the 

other members of their group. Being excluded featured negative 

evaluation of comments made by the participant, blatant ignoring, and 

non-usage of ideas suggested. After the group interaction portion, 

participants completed a post-task questionnaire assessing their 

perceptions of their other group members and members of other social 

groups. Participants provided saliva samples at three time periods during 

the research to provide information on baseline cortisol and testosterone 

levels and cortisol levels after the similarity and exclusion manipulations. 

 First, it was expected that, overall, social exclusion would result in 

increased subjective psychological distress compared to being socially 

included (Baumeister & Leary, 1995; Williams, 2007) Further, it was 

expected that any cortisol increases would be lessened when interacting 

with persons believed to be similar to oneself; and it was hypothesized 

that cortisol levels would be most increased when interacting with highly 

dissimilar others under conditions of exclusion (Blaskovich, Berry-

Mendes & Seery, 2003).  

Finally, because neuroendocrine responses are conceptualized as 

serving to directly guide behavioral tendencies, we expected that pre-

existing neuroendocrine messages would influence subsequent ones. It 

was expected that testosterone levels would independently affect cortisol 

change such that high testosterone men would have a higher cortisol 

response; especially when acting on aggressive tendencies could be 

maladaptive or when suppressing aggressive tendencies might preserve 
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group harmony. In keeping with the dual hormone hypothesis, we 

assumed that testosterone and cortisol together influence social 

aggression tendencies. Somewhat different than (but not in conflict with) 

the dual hormone hypothesis, we hypothesized that the amount of change 

in cortisol may itself vary, based on the individual’s baseline 

testosterone.  

METHOD 

Participants 

Participants included 84 male undergraduates from a mid-sized 

midwestern university who participated in the study after providing 

informed consent in return for partial course credit. Participant ages 

ranged from 18-33. The mean age for participants was 19.49 years (SD = 

2.17, Mdn = 19). The large majority of participants indicated being 

Caucasian (non-Hispanic, 84.5%), followed by Hispanic (3.6%), Asian 

or Pacific Islander (3.6%), and African-American (1.2%). Six 

participants failed to provide information on their ethnicity. In addition, 

94% indicated being single. 

 

Procedure  

Participants signed up for a study that was purported to examine how 

different modes of communication affect group-based interactions in a 

task-oriented work group. Participants were instructed they would be 

working on a task as part of a larger group and that they would be asked 

to provide saliva samples at different points throughout the course of the 

research. Saliva samples were used to determine hormone concentrations, 

specifically, Testosterone (T) and Cortisol levels. All experimental 

sessions were conducted between 2:00 p.m. and 6:00 p.m. to control for 

diurnal variations in hormone levels. 

Saliva samples were collected at three separate times over the course 

of the study. Sample 1 was collected after completing the informed 

consent. Sample 2 was collected immediately after the experimental 

manipulations, and sample 3 was collected at the end of the study. 

Research indicates that a 20-minute time period may be needed to fully 

assess cortisol fluctuations as a function of environmental stimuli 

(Kivlighan, Granger, & Booth, 2005). Saliva collection followed the 

protocol developed by Salimetrics, Inc. for collecting unstimulated whole 

saliva samples by passive drool. After providing the Time 1 saliva 

sample, participants completed a computer-based demographics 

questionnaire which included questions about age, race, gender, and 

other demographic information, general political views, interests and 

personality traits.  

Once participants completed the demographics questionnaire, each 

was logged into a chat-room and informed that they would be interacting 
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with three other participants while completing a group-based task. In 

reality, the three other group members were played by a single 

experimenter according to predetermined scripts. Prior to interacting with 

their group members, participants were provided bogus feedback based 

on the results of their demographics questionnaire. The feedback focused 

on how similar (or dissimilar) the group members were to each other, 

supposedly based on a computer analysis of the earlier responses they 

submitted. Participants received feedback and commentary indicating 

they were either very similar (e.g., “results indicate a very similar group, 

matching on nearly all demographics…and exhibiting similar interests 

and personalities”) or very dissimilar to their other group members 

(“…this is unusual, your group members are really different than 

you…”). Across both high and low similarity conditions the “other” 

group members were noted as being highly similar to one another.   

After the initial bogus similarity feedback, all group members worked 

together on an arctic survival team building exercise (Ukens, 1998). 

Groups were asked to agree on several items (6) from a larger list that 

would help ensure their group’s survival during and after an arctic storm. 

All groups were further instructed that their group’s performance would 

be compared to that of other groups. During the discussion, half of the 

participants were randomly selected to be actively included by the other 

group members throughout the entire discussion period; whereas, the 

other half were selected to be actively excluded after an initial 

introductory period of three minutes. In the exclusion condition, after the 

introductory period, any attempt by participants to be included (e.g., 

making suggestions on which items to retain, responding to other group 

members suggestions) were ignored or actively rejected by the other 

group members. The arctic survival team-building exercise took 

approximately 20 minutes to complete. A second saliva sample was 

collected shortly after the group interaction had completed.   

After providing a second saliva sample, participants completed a 

post-interaction questionnaire assessing their perceptions of the study, 

their other group members, and general level of psychological distress. 

The post-interaction questionnaire took approximately 20 additional 

minutes to complete. After this, participants provided a final saliva 

sample, were orally debriefed about the true nature of the research, 

probed about their thoughts on the true purpose of the research, and 

dismissed. 

 

Measures 

Similarity. Participants’ level of perceived similarity to their group 

was assessed by two items (i.e., “How similar do you feel toward the 

other members of your group?” and “I share the same beliefs as the other 
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members of my group.”). Responses were obtained on a 5-point scale 

with endpoints ranging from 1 (Not at all) to 5 (Extremely). A composite 

score was computed by averaging across scale items. Higher numbers 

indicate greater perceived similarity to the other discussion group 

members. The reliability coefficient (alpha) for this two-item scale was 

.84.   

Exclusion. The extent to which participants felt excluded from the 

group discussion was assessed via two questions (i.e., “How much do 

you feel you were ignored by the other members of your discussion 

group?” and “How much do you feel like you were excluded by the other 

members of your group?”). All responses were obtained on 5-point scales 

with endpoints ranging from 1 (Not at all) to 5 (Extremely). A composite 

scale score was computed by averaging across scale items. High scores 

indicate greater levels of perceived exclusion. The reliability coefficient 

(alpha) for this two-item scale was .96.     

Psychological (emotional) distress. Psychological distress was 

assessed with 18 items from the Profile of Mood States Scale (POMS; 

Curren, Andrykowski & Studts, 1995; Carver et al, 1993). This scale 

asks participants to respond to how frequently they have experienced 

each of several mood states (e.g., Tense, Helpless, Angry, Worthless, 

Unhappy) and provides a global total mood disturbance score. Responses 

were obtained on 5-point response scales ranging from 1 (Never/Not at 

all) to 5 (Constantly/Extremely). A composite score was created by 

averaging across scale items (reverse coding was computed, as needed). 

Higher scores indicate greater psychological distress. The reliability 

coefficient for this scale was .85.  

Salivary Assays.  Previous research has documented high correlations 

between serum and saliva concentration levels for both biologically 

active unbound cortisol levels, r(47) = .91, p < .0001, and Testosterone 

for males, r(26) = .91, p < .0001  (Salimetrics, State College, PA) and 

such assessments represent a valid and reliable way to estimate hormone 

levels (Dorn, Lucke, Loucks, & Berga, 2007; Gozansky, Lynn, 

Laudenslager, & Kohrt, 2005; Raff, Homar, & Skoner, 2003). Moreover, 

salivary assays represent a minimally-invasive way to measure levels of 

various biomarkers, including hormones.  

Salimetrics employs an enzyme immunoassay technique which has 

been detailed elsewhere (see Granger, Schwartz, Booth & Arenz, 1999). 

According to Salimetrics, the lower limit of sensitivity is 1 pg/ml with a 

standard curve range from 6.1 pg/ml to 600 pg/ml. The reported average 

intra-assay coefficient of variation is 4.6% and average inter-assay 

coefficient of variation is 8.25% (Cat. No. 1-2402, Salimetrics LLC, 

State College, PA).  The cortisol assay has a lower limit of sensitivity of 

<.007 µg/dl and a standard curve range range from .012 ug/dl to 3.000 
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µg/dL.  The reported average intra-assay coefficient of variation is 3.5% 

and average inter-assay coefficient of variation is 5.08% (Cat. No. 1-

3002, Salimetrics LLC, State College, PA).    

In the current research, participants were instructed to salivate by 

passive drool into a polypropylene funnel connected to a 2 ml cryovial. 

The sample was unstimulated and the participants allowed all saliva to be 

collected without interruption until a sufficient sample was collected.  

Samples were frozen within 30 minutes at -40 degrees Fahrenheit, and 

later packed in dry ice and sent via overnight mail to Salimetrics, LLC. 

 

RESULTS 

Manipulation Checks 

During debriefing, two participants expressed a strong suspicion as to 

the true nature of the chat room interaction (i.e., thought the study was 

about being excluded while interacting with other participants) and, as a 

result, were excluded from subsequent analyses. To assess the 

effectiveness of the similarity and exclusion manipulations, two 

independent samples t-tests were computed. For similarity, results 

indicated that participants given high similarity feedback reported feeling 

significantly more similar to their other group members (M = 3.44, SD = 

.94) compared to participants given low similarity feedback (M = 2.81, 

SD =1.14), t(80) = -2.76, p = .007, d = .60. For exclusion, results 

indicated that excluded participants reported feeling significantly more 

excluded by their other group members (M = 4.17, SD = 1.34) compared 

to participants who were included by their other group members (M = 

1.43, SD = 1.03), t(80) = -10.41, p < .001, d = 2.29. Taken together these 

analyses support the effects of the experimental manipulations at altering 

perceived similarity and inclusion.  

 

Salivary Cortisol and Testosterone 

Salivary cortisol levels were obtained for each of the three different 

collection periods. Due to practical limitations, Testosterone levels were 

obtained for the time 1 and time 3 collection periods. As described 

earlier, the first baseline sample was obtained after participants arrived 

and completed an informed consent sheet. The second was collected after 

the exclusion manipulation and the third was collected at the end of the 

study (after the post-interaction questionnaire). Given that research 

indicates a 20 minute time period may be needed to fully assess cortisol 

fluctuations as a function of environmental stimuli (Kivlighan, Granger, 

& Booth, 2005), time 2 collection was meant to represent hormone levels 

after the similarity manipulation but not the exclusion manipulation, and 

time 3 hormone levels should represent hormone levels after conclusion 

of the group interaction.  
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Table 1 presents the means and standard deviations for Time 1, Time 

2, and Time 3 cortisol levels and Time 1 and Time 3 testosterone levels 

as a function of similarity and exclusion. All p-values are two-tailed, 

unless otherwise stated. Time 1 cortisol level ranged from .038 µg/dl to 

.466 µg/dl with a mean of .167 µg/dl (SD =.106 µg/dl).  Time 2 cortisol 

level ranged from .036 µg/dl to .718 µg/dl with a mean of .164 µg/dl (SD 

=.111 µg/dl). Time 3 cortisol levels ranged from .029 µg/dl to .710 µg/dl 

with a mean of .140 µg/dl. (SD = .098 µg/dl). Time 1 testosterone ranged 

from 28.610 pg/ml to 185.68 pg/ml with a mean of 104.897 (SD = 31.016 

pg/ml) and Time 3 testosterone ranged from 49.200 pg/ml to 105.495 

pg/ml (SD = 29.978 pg/ml).  

 

 

TABLE 1 
 Cortisol 

Mean (SD) 

Testosterone 

Mean (SD) 

Time 1 Inclusion 

(n=43) 

Similar (n=23) .18 (.12) 107.7 (36) 

Dissimilar (n=20) .15 (.12) 108.8 (33) 

Exclusion 

(n=39) 

Similar (n=20) .18 (.11) 98 (27) 

Dissimilar (n=39)      .15 (.07) 103.8 (23) 

Time 2 Inclusion 

(n=43) 

Similar (n=23) .14 (.07)  

Dissimilar (n=20) .16(.09)  

Exclusion 

(n=39) 

Similar (n=20) .13 (.07)  

Dissimilar (n=19) .23 (.17)  

Time 3 Inclusion 

(n=43) 

Similar (n=23) .12 (.04) 115.9 (33) 

Dissimilar (n=20) .13 (.08) 97.3 (29) 

Exclusion 

(n=39) 

Similar (n=20) .11 (.07) 106.1 (30) 

Dissimilar (n=19) .20 (.16) 100.9 (23) 

Note.  All numbers refer to raw values expressed in µg/dl, (SD) =  standard deviation of the 

mean. 

 

 

Given the possibility of hormone distributions being non-normally 

distributed and the implications of such non-normality for statistical 

validity (Mehta & Josephs, 2006; Tabachnick & Fidell, 2013), we 

assessed distributional normality via skewness and kurtosis. Analysis of 

the baseline cortisol levels indicated significant positive skew (1.39, SE = 

.266), z = 5.15, p < .001, and kurtosis (1.28, SE = .526), z = 2.42, p < .05. 

The post-experimental cortisol distribution was also skewed and kurtotic, 

skew = 3.15 (SE = .266), z = 11.67, p < .001, and kurtosis  = 14.55 (SE = 

.526), z = 27.45, p < .001. In contrast, the testosterone distributions did 

not show evidence of either significant skew at either baseline (skew = 
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.36, SE = .27; kurtosis = -.32, SE = .53) or post-experimental 

manipulation (skew = .49, SE = .269;  kurtosis = .16, SE = .53).  

As a result, cortisol levels were transformed using a log 

transformation. After transformation, all distributions followed a normal 

distribution pattern (baseline: Mlg = -.86, SDlg = .26; skew = .16, SE = 

.27, z = .59, ns; kurtosis = -.27, SE = .526), z = -.50, ns; Time 2: Mlg = -

.86, SDlg = .25; skew = .29, SE = .266, z = 1.07, ns; kurtosis = .033, SE = 

.53, z = .06, ns; and Time 3: Mlg = -.93, SDlg = .241; skew = .38, SE = 

.27, z = 1.40, ns; kurtosis = .72, SE = .53, z = 1.36, ns).  

Further, because we were examining cortisol changes as a function of 

experimental manipulations, we assessed group differences in cortisol 

and testosterone prior to implementing the experimental manipulations 

(at Time 1). Examination of the mean differences failed to indicate any 

significant differences across similarity and exclusion groupings at Time 

1 on either cortisol or testosterone (all F’s <1 and p’s >.68). Thus, we 

interpreted these findings as supporting the equivalency of cortisol and 

testosterone levels across groups prior to any interaction. 

 

Correlational Analysis  

We examined the extent to which cortisol and testosterone levels 

covaried.  Table 2  displays  the  results  of  these  analyses.  First, results  

 

TABLE 2  Means, SDs, & Pearson Correlations Across Time for 

                  Testosterone & Cortisol 
Variable 1 2 3 4 

1. Testosterone Baseline (Time 1) --    

2. Testosterone (Time 3) .72*** --   

3. Log Cortisol Baseline (Time 1) .00 .08 --  

4. Log Cortisol  (Time 3) .24* .19 -.04 -- 

M 104.9 105.5 -.85 -.88 

SD 31.02 29.98 .26 .24 

Note: N = 80, *p < .05, ***p<.001. 

 

 

indicate baseline testosterone levels (time 1) were not significantly 

related to cortisol levels at time 1. This result supports the contention that 

baseline hormone levels of testosterone and cortisol were not 

significantly related across individuals, as has been reported in other 
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work (Brownlee, Moore & Hackney, 2005; Matsuzaka et al., 2013). 

Baseline cortisol levels (at time 1) were not correlated with cortisol levels 

at the end of the study (post experimental manipulations, r(80) = -.05, 

ns). However, as predicted, baseline testosterone levels were significantly 

correlated with cortisol level after the experimental manipulations. Taken 

together, this pattern suggests that an individual’s baseline hormone level 

is an important variable that has its own variance independent of change 

in hormone level in response to stressors or environmental cues, 

consistent with DeSoto et al. (2003). Table 2 illustrates that cortisol 

levels at time 2 were strongly correlated with time 3 cortisol, r(82) = .70, 

p < .001; this is interpreted as showing that (although not the intent) time 

2 and time 3 were essentially measuring the same thing, actually both 

capturing the full effects of both the experimental manipulations. 

Therefore, only time 3 levels of cortisol were used for the remaining 

analyses.  

To more fully isolate change across time as a variable of interest, we 

relied on residualized change scores for cortisol (Christopher, Neary, 

Jacob, Neuhaus, & Fiola, 2009; Cohen, Cohen, West, Aiken, 2003; 

Stotland & Larocque, 2005). Residualized change scores provide an 

index of change independent of baseline/earlier levels. Residualized 

change scores were created by regressing later time cortisol levels on 

earlier time levels. To obtain the residualized values, we regressed the 

post-experimental cortisol values on baseline cortisol levels to provide 

the best estimate of change as a function of the experimental 

manipulations. Positive values indicate an increase in cortisol across time 

and negative values indicate a reduction in cortisol. Using residualized 

change scores controls for any correlation between baseline hormone 

levels across time, and fully isolates the change in hormone level as the 

variable of interest.  

 

Psychological Distress (Global Mood Disturbance) 

It was predicted that exclusion would result in heightened 

psychological distress among participants. Results of a two-way 

ANOVA using the exclusion and similarity manipulations as independent 

variables and the global mood disturbance scale as the assessment of 

psychological stress produced a significant main effect for exclusion and 

an interaction between exclusion and similarity. Participants excluded 

from the group discussion reported significantly higher levels of 

psychological distress (M = 2.29, SE = .09) compared to included 

participants (M = 1.93, SE = .08), F (1, 78) = 9.38, p = .003. An 

interaction also emerged such that, the highest level of self-reported 

psychological distress was evidenced when participants were excluded 

by dissimilar others, F (1,78) = 3.80,  η² = .046,   p =.055. We interpret 
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this as evidence that the manipulations led to expected subjective 

emotional experiences in participants. 

 

Neuroendocrine Hypothesis Testing 

To assess the effects of exclusion, similarity, and baseline 

testosterone levels on cortisol change levels, a multiple moderation 

analysis was computed using PROCESS (Hayes, 2013), using the 

exclusion manipulation as the focal independent variable, similarity and 

baseline testosterone levels as the potential moderator variables, and 

residualized cortisol change  as the dependent variable. Such an approach 

allows for the examination of main effects for the independent and 

moderator variables, as well as the interactions among variables.   

 

 
FIGURE 1  Overall, Similarity of Others Altered Participants’ Cortisol 

                   Change Differently Depending on Whether the Others  

                   Included or Excluded the Participant  

 

 

Results indicated that, as a group, exclusion, similarity, and baseline 

cortisol accounted for a significant proportion of the variance in cortisol 

change levels, F (7, 72) = 3.10, p = .006, R
2
 = .23. There were non-

significant trends in the hypothesized directions for exclusion predicting 

higher cortisol response, t = 1.6, p = .11 two-tailed, p = .06 one-tailed; 

and for similarity predicting a lesser cortisol reaction, t =  1.4, p = .16 

two-tailed, p = .08 one-tailed.  Moreover, in keeping with the primary 
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hypothesis, a significant main effect emerged for baseline testosterone, b 

= .002, SE < .001, t = 2.04, p = .04. To further examine this, we created 

high and low baseline testosterone groupings by adding and subtracting 

one standard deviation from the mean baseline testosterone level. 

Overall, the high testosterone group showed an increase in cortisol levels 

at the end of the study (Mlg = .12, SE = .04); whereas, the low 

testosterone group showed a decrease in cortisol (Mlg = -.09, SE = .04). 

This suggests that baseline testosterone represents a variable that itself 

predicts subsequent cortisol increases.    

Additionally, as hypothesized, a significant two-way interaction 

between exclusion and similarity on cortisol change emerged, b = -.22, 

SE = .10, t = -2.164, p = .03, and this was qualified by a three-way 

interaction between exclusion, similarity, and baseline testosterone on 

cortisol change, b = .009, SE = .004, t = 2.374, p = .02, ∆
2
 = .06. The 

obtained similarity x exclusion interaction indicated that when interacting 

with highly similar others, the effect of exclusion was much less 

pronounced compared to when participants interacted with highly 

dissimilar others, as depicted in Figure 1.  

Results of the three-way interaction indicated support for the idea that 

testosterone levels could predict subsequent changes in cortisol when 

environmental circumstances suggest a benefit from suppression of 

natural aggressive tendencies. The interaction between exclusion and 

similarity on cortisol change was significant at low (-1SD), b = -.48, SE =  

.15, t = -3.290, p = .002, and mean levels of baseline testosterone, b = -

.22, SE = .10, t = -2.164, p = .033, but not at high (+1SD) baseline 

testosterone levels, b = .04, SE = .15, t = .279, p = .78. For high 

testosterone men, the pattern differed. The three-way interaction is 

illustrated in Figure 2.  

To more fully pinpoint those similarity and exclusion conditions 

under which baseline testosterone was most closely related to cortisol 

change (i.e., those conditions in which testosterone levels were 

significantly correlated with HPA activity), a series of bivariate 

correlations were computed for each of the experimental conditions. 

Results indicated that when a presumed out-group interacted inclusively 

with the participant, high baseline testosterone predicted more cortisol 

increase, r(18) = .47, p < .05; and, also when members presumed to be 

highly similar to the individual behaved in an exclusionary manner r(16) 

= .49, p < .05, see Figure 2.  
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FIGURE 2  The Effects of Similarity and Exclusion on Cortisol (C) 

                    Changes Were Moderated by Partipants’ Baseline Levels of 

                    Testosterone (T)  

 
Note: For example, unlike others, high-T men tended to have an increase in cortisol if 

excluded by similar others; they had an increase in Cortisol unless they were included by 

similar others.  High C may impede T-moderated aggression. At times, this may be 

adaptive. Overall, high-T men might require a C increase to successfully inhibit their 

aggressive tendencies. 

 

DISCUSSION 

We are broadly interested in understanding the various 

neuroendocrine substrates that serve to encourage persons to react most 

adaptively when encountering social situations. The current research was 

conducted to assess the effects of social exclusion on cortisol while 

participants believed they were working on a group task with either 

highly similar or highly dissimilar group members. Overall, the baseline 

level of testosterone predicted the change in cortisol, and the effect was 

stronger under some conditions.   

 We focused on characteristics of who is doing the excluding and how 

neuroendocrine interactions may be sensitive to such social cues. 

Believing that others are highly similar is assumed to evoke a situation 

like interacting with one’s in-group; and interacting with others believed 

to be highly dissimilar is assumed to represent interaction with an out-

group. The four conditions are each fundamentally different. Being 

excluded by an in-group may threaten future status within the group, but 

challenging the group would be expected to destabilize group dynamics 

and to undermine the group harmony. Being excluded by an out-group 

may be particularly threatening and could signify danger in the real 

world, experiencing this as stressful might be adaptive. In contrast, when 

an out-group behaves in a prosocial/inclusive way, this may signal new 

opportunities for interaction and/ or a new group.  It may be adaptive to 

withhold any pre-existing tendency towards aggression against out-

groups. When an in-group behaves inclusively, there is no cue that would 

be expected to signal a need for aggression. It is of interest that being 

included by an out-group and being excluded by an in-group were the 

two conditions where testosterone level correlated with subsequent 

cortisol change (r = .47 and r = .49). We interpret this as support for the 

idea that testosterone and cortisol interact in ways that are adaptive to 

one’s social behavior. Although speculative, both conditions seem to 

represent times when a dominant (or aggressive) person might be 

tempted to challenge the group for dominance, but caution might be more 

adaptive. In any case, the pattern provides some support for the 
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contention that cortisol change is partially affected by pre-existing 

testosterone levels.  

It was also predicted that, subjectively, social exclusion would be 

distressful and result in increased levels of self-reported psychological 

distress. This prediction also received support and is included as evidence 

that the experimental manipulations and hormonal changes occur in the 

context of subjective experiences and/or emotional state. Our rationale 

for this was based on the notion that the aversive nature of exclusion will 

produce general psychological discomfort and distress. We found the 

predicted similarity by exclusion interaction which mirrored the change 

in cortisol.  

Mehta and Josephs have argued that certain social cues activate 

hormonal systems that influence dominance, and specifically cite a need 

for research investigating how different kinds of social interactions 

change the connections between hormones and dominance (2010, p. 

904). Other research has demonstrated that testosterone changes are 

dependent on characteristics of the group who an individual was in 

competition with (Flinn, Ponzi & Muehlenbein. 2012). We believe these 

findings offer support for context dependent effects of hormones, and are 

congruent with ideas that competition among in-groups and potential 

allies may call for a dampening of aggressive tendencies in high 

testosterone men. The ability of testosterone to impact the relation 

between cortisol and experimental condition is not inconsistent with 

empirically established interplay between testosterone and cortisol 

(Mehta & Josephs, 2010). Broadly, our results are consistent with an idea 

that testosterone and cortisol together influence social aggression 

propensity, and furthermore they suggest that sometimes high levels of 

baseline testosterone may itself necessitate a higher cortisol response to 

effectively guide behavior.  

Our results are not consistent with the idea that a certain ratio of 

cortisol and testosterone will be adaptive across different sorts of social 

encounters, or across all individuals. Instead, these data provide support 

for the idea that the relationship between cortisol and testosterone will be 

different when social circumstances are different, and may be different 

based on individual differences in general aggressiveness and/or baseline 

testosterone. This may be somewhat consistent with research that 

demonstrated that the corticosteroid responses of high versus low 

testosterone individuals differed as a function of victory versus loss 

(Mehta, Jones & Josephs, 2008).  

A limitation is that we did not have any baseline measure of 

aggressive tendency. Future research should address this. An additional 

limitation is that the situation was contrived, occurred via a virtual chat 

room, and occurred within the laboratory, limiting real world 
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applicability to actual social encounters. Future research should include 

baseline measures of aggressive tendencies, and alterations in the types 

of stressor employed. Additional support for the perspective would be 

obtained if future research were to establish that dual hormonal 

fluctuations influence each other, and that the influence itself varies 

across conditions in a way that is explainable by existing theories (e.g., 

evolutionary psychology and/or preservation of group harmony). It 

should be noted that the presence of opposite sex members might be 

expected to alter the most adaptive behavior (Archer, 2006).  Also, the 

presence of additional in-group males rather than a lone male might 

predict alternative adaptive responses.  

Finally, we believe that interacting with similar others is 

phenomenologically different than interacting with out-groups.  Although 

experiencing ostracism is probably never devoid of stress, the most 

appropriate response is not always the same. We believe that 

consideration of which responses would be most adaptive for both 

individuals and their groups is called for. Investigating the 

neuroendocrine correlates brought forth by social cues can shed light on 

modern human interactions and, in doing so, may help to address the 

current discrepancy in the literature on such topics as when exclusion 

will warrant anti- versus prosocial action tendencies.  

 

Conclusions 

It was predicted and found that the manner in which social 

circumstance influences cortisol is moderated by the individual’s 

testosterone level. Although speculative, dominant males may sometimes 

benefit from having aggressive behavior tendencies adjusted down or 

held in check (such as when members of an in-group are temporarily 

excluding) to preserve group harmony. The key idea is that hormonal 

response to social cues may be influenced by individual differences in 

baseline hormones. One possible interpretation of the pattern here 

reported is that the influence of high testosterone may need to be 

“overcome” when certain situational demands exist; HPA activation and 

testosterone may in effect compete (or duel) for behavioral influence. 

Depending on the circumstance it might be temporarily adaptive for 

certain behavioral tendencies to be subdued, and others to win.  

Differences in hormonal fluctuations occurred in response to social cues, 

but in the current study were also influenced by pre-existing hormonal 

milieu. Such fluctuations could be an ideal vehicle to fine-tune ultimate 

behavioral responses.  

 

REFERENCES 
Archer, J. (2004). Sex difference in aggression in Real-world settings: A meta-

analytic review. Review of General Psychology, 8(4), 291-322. 



572        NORTH AMERICAN JOURNAL OF PSYCHOLOGY  

Archer, J. (2006). Testosterone and human aggression: an evaluation of the 

challenge hypothesis. Neuroscience and Biobehavioral Reviews, 30, 319-345.  

Blascovich, J., Berry-Mendes, W. B., & Seery, M. D. (2003). Intergroup 

encounters and threat: A multi-method approach. In D. M. Mackie & E. R. 

Smith (Eds.), From prejudice to intergroup emotions: Differentiated 

reactions to social groups. New York: Psychology Press. 

Blascovich, J., & Mendes, W. B. (2000). Challenge and threat appraisals: The 

role of affective cues. In J. P. Forgas (Ed.), Feeling and thinking: The role of 

affect in social cognition (pp. 59-82). New York, NY: Cambridge University 

Press. 

Blaskovich, J., & Tomaka, J. (1996). The biopsychsocial model of arousal 

regulation. Advances in Experimental Social Psychology, 28, 1-51.  

Buss, D.M. (2005). Handbook of evolutionary psychology. Hoboken, NJ: John 

Wiley & Sons. 

Brownlee, K.K., Moore, A.W., & Hackney, A.C. (2005). Relationship between 

circulating cortisol and testosterone: influence of physical exercise. Journal 

of Sports Medicine, 4, 76-83.  

Campbell, A. (2005) Aggression. In D.M. Buss (Ed.), Handbook of evolutionary 

psychology (628-652). Hoboken, NJ: John Wiley & Sons.  

Carver, C. S., Pozo, C., Harris, S. D., Noriega, V., Scheier, M. F., Robinson, D. 

S., Ketcham, A. S., Moffat, F. L., & Clark, K. C. (1993). How coping 

mediates the effect of optimism on distress: A study of women with early 

stage breast cancer. Journal of Personality and Social Psychology, 65, 375-

390. 

Christopher, M. S., Neary, T. J., Jacob, K. L., & Fiola, L. A. (2009). Cognitive 

and behavioral changes related to symptom improvement among patients with 

a mood disorder receiving intensive cognitive behavioral therapy. Faculty 

Scholarship (Spp). Paper 4.  

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple 

regression/correlation analysis for the behavioral sciences (3rd ed.). Mahwah, 

NJ: Erlbaum.  

Curren, S. C., Andrykowski, M. A., & Studts, J. L. (1995). Short form of the 

profile of mood states (POMS-SF): Psychometric Information. Psychological 

Assessment, 7, 80-83. 

DeSoto M. C., Hitlan, R. T., Deol, R. S. S., & McAdams, D. (2010). Testosterone 

fluctuations in young men: The difference between interacting with like and 

not-like others. Evolutionary Psychology, 8, 173-188. 

DeSoto, M.C. Geary, D.C., Hoard, M.K., Sheldon, M. & Cooper, M. L. (2003). 

Estrogen variation, oral contraceptives and borderline personal-

ity. Psychoneuroendocrinology, 28. 751-766. 

Dickerson, S. S., Kemeny (2004). Acute stressors and cortisol responses: A 

theoretical integration and synthesis of laboratory research. Psychological 

Bulletin, 130, 355-391. 

Dorn, L.D., Lucke, J. F., Loucks, T.L., Berga, S.L. (2007). Salivary cortisol 

reflects serum cortisol: analysis of circadian profiles. Annuals of Clinical 

Biochemistry, 44, 281-284. 

Flinn, M.V., Ponzi, D., & Muehlenbein, M.P. (2012). Hormonal mechanisms for 

regulation of aggression in human coalitions.  Human Nature, 22, 68-88. 



DeSoto & Hitlan      NEUROENDOCRINE INTERACTIONS     573 

Gozansky, W. S., Lynn, J. S., Laudenslager, M. L., & Kohrt, W. M. (2005). 

Salivary cortisol determined by enzyme immunoassay is preferable to serum 

total cortisol for assessment of dynamic hypothalamic-pituitary-adrenal axis 

activity. Clinical Endocrinology, 63, 336-341.  

Granger, D. A., Schwartz, E. B., Booth, A., & Arentz, M. (1999). Salivary 

testosterone determination in studies of child health and development. 

Hormones and Behavior, 35, 18-27. 

Kivlighan, K. T., Granger, D. A., & Booth, A. (2005). Gender differences in 

testosterone and cortisol response to competition. Psychoneuroendocrinology, 

30, 58-71. 

Matsuzaka, H., Maeshima, H., Kida, S., Kurita, H., Shimano, T. Nakano, 

Y…..Arai, H. (2013). Gender differences in serum testosterone and controls 

in patients with major depressive disorder compare with controls. 

International journal of Psychiatry and Medicine, 46, 203-221.Mehta, P.H., 

Jones, A.C., Josephs, R.A. (2008). The social endocrinology of dominance: 

Basal testosterone predicts cortisol changes and behavior following victory 

and defeat. Journal of Personality and Social Psychology, 94, 1078-1093.  

Mehta, P. H., & Josephs, R. A. (2010). Testosterone and cortisol jointly regulate 

dominance: Evidence for a dual-hormone hypothesis. Hormones and 

Behavior, 58, 898-906.  

Mehta, P. H., & Josephs, R. A. (2006). Testosterone change after losing predicts 

the decision to compete again. Hormones and Behavior, 50, 684-692. 

Mehta, P. H., Wuehrmann, E. V., & Josephs, R. A. (2009). When are low 

testosterone levels advantageous? The moderating role of individual versus 

intergroup competition. Hormones and Behavior, 56, 158-162. 

Olweus, D., Mattsson, A., Schalling, D., Low, H. (1988). Circulating 

Testosterone Levels and Aggression in Adolescent Males: A Causal Analysis. 

Psychosomatic Medicine, 50, 261-272.  

Popma, A., Vermeiren, R., Geluk, C.A., Rinne, T., van den Brink, W., Knol, 

D.L., Jansen, L.M., van Engeland, H., Doreleijers, T.A. (2007). Cortisol 

moderates the relationship between testosterone and aggression in delinquent 

male adolescents. Biological Psychiatry, 61(3), 405-411.  

Raff, H., Homar, P. J., Skoner, D. P. (2003). New Enzyme Immunoassay for 

Salivary Cortisol. Clinical Chemistry, 49, 203–204. 

Smith, R.G., Syms, A.J., Nag, A., Lerner, S., Norris, J.S. (1985). Mechanism of 

the Glucocorticoid Regulation of Growth of the Androgen- sensitive Prostate-

derived R3327H-G8-A1 Tumor Cell Line. The Journal of Biological 

Chemistry, 260(23), 12454-12463.  

Stotland, S. C., & Larocque, M. (2005). Early treatment response as a predictor 

of ongoing weight loss in obesity treatment. British Journal of Health 

Psychology, 10, 601-614. 

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (6th Ed.). 

Boston, MA: Pearson. 

Terberg, D., Morgan, B., van Honk, J. (2009). The testosterone-cortisol ratio: a 

hormonal marker of proneness to social aggression. International journal of 

law and psychiatry, 32, 216-223.  



574        NORTH AMERICAN JOURNAL OF PSYCHOLOGY  

Tilbrook, A.J., Turner A.I., Clark, I.J. (2000). Effects of stress on reproduction in 

non-rodent mammals: the role of glucocorticoids and sex differences. Review 

of Reproduction, 5, 103-113.  

Ukens, L. L. (1998). Arctic expedition manual. San Francisco, CA: Wiley. 

 

 

 

 

 

 

 

 

 

 

 
 


