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Abstract: 
 
Although stress can certainly play an adaptive and motivating role in acute periods, 
chronic stress has been found to lead to several maladaptive physiological states. It 
is crucial to understand the Hypothalamic-Pituitary-Adrenal (HPA) axis, the primary 
mechanism by which the stress response is activated in the brain, as well as how 
this system may be influenced and predicted by higher order processes such as 
personality. In this analysis, college-aged participants from a larger scale study (42 
female, 10 male) completed an online questionnaire of personality traits and 
subsequently underwent a laboratory stress induction with concurrently collected 
saliva samples for cortisol analysis. Results showed no significant predictive 
relationship between Neuroticism, Openness, or Conscientiousness with cortisol 
response. These results are consistent with other null findings reported in the 
current literature.  However, given the contradictory literature regarding the 
existence of a consistent and generalizable association between personality and 
stress response, further well-controlled and comprehensive evaluation with similar 
stress induction protocols is warranted to aid in resolving these open questions. 
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Introduction: 
 

Stress is a major component of today’s society and culture. Some equate high 
levels of stress to more success and better life status. Some see it as an obstacle they 
must overcome to be productive and efficient workers. While these subjective views 
can shed insight on the individual, it is important to regard stress for what it is in an 
objective sense: a necessary physiological response that, when present acutely, is 
adaptive and motivating. However, it can become detrimental to a person’s health if 
not relieved and correctly diffused. High stress levels are especially seen in college 
students as they make the transition to independent adult life while simultaneously 
dedicating themselves to their academic lives. It is crucial that these young adults 
learn healthy and helpful methods in handling their monumental stress levels.  

There has been extensive research on the topic of stress. It is common in the 
popular media to see articles detailing ways to reduce stress levels in daily life. Each 
of these techniques has some influence on how the brain perceives stress, though 
the exact mechanisms remain unknown. The stress producing pathway that is most 
understood is the glucocorticoid stress response controlled by the Hypothalamo-
Pituitary-Adrenal (HPA) axis. In this pathway, a perceived stressful event is 
associated with activation of the hypothalamus to signal the pituitary gland with 
corticotroptin releasing factor (CRF). Once activated, the pituitary gland releases 
adrenocorticotropic hormone (ACTH) into the blood stream. Once in the 
bloodstream, the ACTH molecules come into contact with the adrenal cortex. This 
causes the adrenal cortex to release glucocorticoids, primarily cortisol, into the 
blood stream to signal to the rest of the body that a stressful event is occurring and 
to elicit the necessary responses. An important component of the HPA axis is that it 
has an efficient negative feedback mechanism to ensure that it does not stay 
activated for longer than necessary. Cortisol signals to both the hypothalamus and 
the pituitary gland to stop releasing CRF and ACTH. Likewise, the hippocampus 
inhibits stress response while the amygdala may activate it. It has also been seen 
that the prefrontal cortex is also involved in regulating the stress response system 
and may play a role in its inhibition (Smith & Vale, 2006). The prefrontal cortex is 
often associated with executive function, decision making, and personality, among 
others. Knowing the prefrontal cortex is involved in so many processes leads to the 
question of how those function may influence the stress response, if at all. 

There is also an expanding literature dedicated to developing laboratory 
tasks that will elicit a stress response, such as the Maastricht Acute Stress Test 
(MAST; Smeets et al., 2012) that was implemented for the data set used in this 
project. The field continues to conduct research on what environmental and 
biological factors can cause a deviation from the subject’s baseline stress levels. 
More recently, studies have been conducted on the relationship between stress 
levels and response and personality. It is critical to understand this preliminary 
component, as it is possible that individual differences can create confounds in other 
studies. Similarly, understanding how stress may differ with personalities can lead 
to designing stress coping mechanisms accurately tailored to an individual 
depending on their unique personality.  
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Although studying cortisol response is not a new field, studying it in regards 
to the individual differences credited to unique personality traits is a fairly recent 
area of interest. This creates a literature that is still very conflicted as several 
studies have found relationships between personality and stress response and 
others that have not. Some studies have found that neuroticism, extraversion, and 
openness elicit a lower stress response (Xin et al., 2017) while others have found 
that in females, neuroticism was negatively correlated with stress response while 
openness was positively correlated with it. In males, extraversion showed a positive 
relationship while no other traits were significant (Oswald et al., 2006). Another 
study saw that neuroticism had a negatively predictive relationship with stress 
response while agreeableness and openness had positive predictive relationships 
(Bibbey et al., 2013), though the result for agreeableness was not replicated in other 
studies. A study focusing specifically on neuroticism found that those low in this 
trait elicited a significantly greater cortisol response than those high in it (McCleery 
& Goodwin 2001). Alongside these studies are many more who have found their 
own results on which traits are associated with stress responses and how, but there 
are also studies claiming no relationship is present (Kirschbaum et al., 1992; Garcia-
Banda et al., 2011).  

Of the five factors described in the commonly used in the Big Five Inventory 
questionnaire (BFI; John & Srivastava, 1999), Conscientiousness, Openness, and 
Neuroticism are the factors that appear most likely to predict stress response. As a 
representation of emotional control, neuroticism can be expected to play a large role 
in how the individual responds to stressful changes in their environment. 
Conscientiousness, which is an embodiment of striving for achievement and 
dutifulness, will likely have an effect on the response to stressful situations that 
could potentially result in failure or disappointment in one’s self. Openness to 
experience should have an effect on how the individual perceives the environment 
of the stressor, whether it be with open curiosity or skepticism.  

Through this reasoning we expect to identify a predictive relationship 
between levels of Conscientiousness, Neuroticism, and Openness and stress 
response. Also, while the literature centers on cortisol reactivity to a stressor, none 
take into account the recovery after the stressor and how that may also be affected 
by personality. Here we make predictions for both reactivity and recovery. The 
expected hypotheses are that while those high in Conscientiousness will not 
generate a high cortisol reaction, they will have a near complete recovery. High 
Neurotic participants will exemplify a high cortisol response but very little recovery. 
Lastly, I expect that those high in Openness will yield low reactivity and have a 
complete recovery.  
 
 

Methods: 
 
Participants and Procedure:  
Fifty-two participants (42 female, 10 male) participating in the larger Student 
Wellness Workshop (SWW) study were included for analysis. The SWW study was 
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comprised of three recruitment waves. Participants from all three waves were 
included in the present study. The SWW study also included three time points 
spaced weeks apart, but only data from the fist timepoint were used in the present 
study. Furthermore, participants with incomplete or missing cortisol data were 
removed for the purpose of this analysis. Participants were screened and included 
in the SWW study if they met the following criterion: 18-35 years of age, currently 
holding student status (undergraduate, graduate, etc.), and have no history of panic 
disorder, psychosis, or mania. Potential participants who reported current 
substance dependence or current use of psychoactive medications were also 
excluded from the study. 
 
Participants were asked to complete daily sleep logs every day for a week as well as 
a number of other questionnaires online before coming in for the lab visit. During 
the lab visit (Figure 1), participants filled out more questionnaires then, after a 5-
minute rest period, had their baseline salivary sample taken. After the baseline 
measurements the 15-minute stress induction protocol was presented, followed by 
taking another saliva sample. The participants were allowed to rest until the 30-
minute post stressor saliva sample was taken, and then again until the 45-minute 
post stressor saliva sample.   
 
All participants provided informed written consent during a brief interview. Ethics 
approval was obtained from the IRB at the University of Arizona. 
 
Laboratory Stress Induction:  
The SWW protocol used the Maastricht Acute Stress Test (MAST) to induce stress in 
the participants (Smeets et al., 2012) (Figure 2). In this task the participant is guided 
by a PowerPoint presentation, starting with a five-minute introduction. This is 
followed by intervals of time where they are instructed to alternate between placing 
their hand in a bucket of ice water (approximately 2°C) and performing a difficult 
mental math task where they must audibly count backward from a large number 
ranging from 2016 to 2089 by 17 while receiving hostile negative feedback from the 
in-person experimenter. Each interval lasts between 45 and 90 seconds while the 
whole task including the instructional period is 15 minutes. After the task the 
participant undergoes post-stress measurements, then is left to recover for 10 
minutes. Saliva samples are taken at four time points throughout the task: 
immediately before the task begins, immediately after the completing the task, 30 
minutes post-MAST, and 45 minutes post-MAST. This task combines elements of 
other commonly used social stressor tasks such as the Cold Pressor Test and the 
Tier Social Stress Test. However, the combinational effect of the two stressors 
alongside the randomness of how the stressors are presented to the participants in 
the MAST adds to the stress of the environment.  
 
 
Self-Report Measures: 
BFI: Personality traits were measured using the Big Five Inventory questionnaire 
(BFI; John & Srivastava, 1999). This method is centered on five dimensions that 
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group traits together based on their correlations. From here the individual is ranked 
along the gradient dependent on how much of the trait they express. The five 
gradients include Extraversion (versus introversion), Agreeableness (versus 
antagonism), Openness (versus resistance to new experiences), Conscientiousness 
(versus lack of direction), and Neuroticism (versus emotional stability). This study 
took particular interest in three of these traits: Conscientiousness (D=0.57), 
Neuroticism (D=0.75), and Openness (D=0.81). 
 
The questionnaire was administered during the pre-test portion of the laboratory 
visit. It is composed of 44 possible phrases that the participant must rank 
themselves as associating with on a Likert scale of 1 (Strongly Disagree) to 5 
(Strongly Agree). Subscales for each trait are scored to calculate where on the 
dimension the participant scores on each of the five personality trait taxonomies.  
 
VAS: Participants reported their physiological and psychological states using the 
Visual Analog Scale (VAS; Bijur et al., 2001) which asks that they rate their levels of 
“pain/discomfort” and “distress” on a scale of 0 (lowest) to 10 (highest). This scale 
was presented 7 times throughout the lab visit at Setup, the Baseline measures, Pre-
MAST, Mid-MAST, Post-MAST, 30-minutes post-MAST, and 45-minutes post-MAST. 
 
Sleep logs: Participants were asked to complete daily sleep logs every day for the 
week prior to their lab visit. This information is especially crucial as cortisol 
generally follows a diurnal cycle that is dependent on an individual’s sleep patterns 
and circadian rhythms. 
 
Saliva Samples: 
Salivary samples from SWW participants obtained from August 2015 to March 2017 
were taken using Salivettes and frozen at -22°C until analysis. They were run 
through a centrifuge at 1000 RPMs for 2 minutes to prepare for analysis. A volume 
of 99 PL were spiked with 1 PL of D4-cortisol as an internal standard then filtered 
by centrifuging again in centrifugal filter units of 30kDa molecular weight at 37°C 
and 30 RPMs for 10 minutes. Prepped samples were stored at 4°C until analysis. 
Salivary cortisol was quantified using Liquid Chromatography Mass Spectrometry 
(LC/MS). The LC/MS method measured for cortisol, cortisone, and two metabolites 
as well as caffeine. Primary data was reported both as raw area under the peak as a 
function of molecule concentration (Figure 3) and as a ratio of the concentration of 
the compound to the ratio of the internal standard (Intraassay coefficient of 
variance= 5.15% Interassay coefficient of variance= 7.11%).  
 
Statistical Analysis: 
The primary data collected included the LC/MS area under the cortisol peaks from 
the saliva samples, as well as the self-reported scores from the BFI, including the 
subscales for each personality trait, VAS, sleep logs, and PSQI. Participants were 
excluded if they were missing any of the four cortisol points or BFI scores. For the 
stress response, the cortisol values were used both in their raw forms as well as 
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natural log transformed to control for the natural skew in the values. All secondary 
measures were calculated twice, once using the raw cortisol values, and again with 
the log transformed. 
 
The raw cortisol values were used to quantify the number of participants that were 
cortisol responders. This is defined as those whose peak cortisol exceeds 1.5 times 
their baseline cortisol value (Miller et al., 2013). Cortisol was also quantified 
through two secondary measures. Area under the curve with respect to increase 
from baseline (AUCi) was used to represent cortisol, and thus stress, response and 
reactivity. Recovery was quantified as Percent Recovery, found by ((Peak – 
45min_post)/(Peak – Baseline)*100). While AUCi is a commonly used method 
(Khoury et al., 2015) for cortisol reactivity, the Percent Recovery measure is an 
exploratory and supplemental value.  
 
Six regressions were performed to find a predictive relationship between the BFI 
traits and cortisol response. Each BFI trait of interest (Neuroticism, Openness, and 
Conscientiousness) underwent a regression against both AUCi and Percent Recovery 
calculated from the raw cortisol values, as these elicited a more normal distribution 
than those calculated using the log transformed cortisol values. In each case the 
regressions were adjusted with BMI and time since wake inserted as Step 1 of a 
hierarchical regression model, followed by the BFI trait as Step 2. Time since wake 
was quantified as the minutes between the time the participant woke that morning 
and when they came in for their lab visit. All the regressions were repeated utilizing 
the AUCi and Percent Recovery calculated from the log transformed cortisol values, 
even though they were more skewed than the raw score calculated values.  
 
 

Results: 
 
Physiological Stress Induction 
Throughout the group, the MAST generated a robust stress response that followed 
the prototypical cortisol pattern of stress induction (Figure 4) characterized by the 
cortisol concentration increasing after the stress task (p<0.001). The VAS measures 
for psychological sensation of physical discomfort and emotional distress were also 
raised in the expected pattern.  (p<0.01).  
 
Personality and Self-Report Inventories 
Correlation coefficients between the three personality traits of interest, 
Conscientiousness, Neuroticism, and Openness, are shown in Table 2. No strong nor 
significant associations between any of the personalities were found, though it was 
seen that Neuroticism was negatively associated with Conscientiousness while all 
other associations were positive. No correlations were found between any of the 
personality traits and BMI score or time since wake. Figure 6 displays all the 
participants’ cortisol response graphs with consideration of their time since wake 
and BMI. 
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Personality and Cortisol Stress Response 
Mean Comparisons: No significant difference was found between the cortisol 
response values at each time point between the high and low tertiles of each 
personality trait (Figure 5). Similarly, there was no difference in the VAS scores 
between the tertiles for any of the 7 time points for Conscientiousness and 
Openness. However, two VAS time points, Setup (p=0.047) a Pre-MAST (p=0.020), 
showed that those high in Neuroticism had a significantly higher sensation of 
physical pain/discomfort. 
 
Regression Models: Of the six regressions, none yielded a significant predictive 
relationship of the personality traits on cortisol stress reactivity when run against 
the AUCi, or recovery when ran against the Percent Recovery and controlled for BMI 
and time since wake. Table 3 details these outcomes. 
 
 

Discussion: 
 
 This study aimed to investigate the relationship between personality and 
stress response and recovery. No significant predictive relations were found 
between any of the personality traits and either stress construct. This may be 
evident to the high variation in cortisol responses. The study may have yielded 
different results if different methods had been enacted, such as limiting the lab visits 
to a specific time range to control for the diurnal cortisol pattern and ensuring that 
participants were not all skewed towards one side of the personality trait 
dimension. Yet this study took these factors into account when analyzing the data. 
To control for variation in lab visit time and how this might relate to the individual’s 
diurnal pattern, the regressions were entered with time since awakening as a 
control parameter. Figure 6 shows all the participant’s cortisol patterns while 
against their time of wake. While not quantified, there is an evident downward 
trend of the raw cortisol values as the time since wake increases. Our cortisol 
response calculations were done in account of increase from baseline, so this change 
in raw cortisol values were accounted for. However, it may have been the case that 
the whole response was skewed because of the where on the diurnal pattern the 
individual was at during their lab visit. This skew would also affect the cortisol 
recovery since the last data point may have been affected both by the relaxation 
period after the stressor as well as the decrease in diurnal cortisol that is 
prototypical later in the day. 

However, when comparing this study to others in the literature, we see that 
the regression controls of this study are not what other studies use. Instead of age, 
gender, and SES (the common adjustments) this study controlled for time since 
wake and BMI. It may be that these uncontrolled factors are having a confounding 
effect on the results of the other studies. Controlling for BMI is crucial in cortisol 
studies because of its relation with diurnal salivary cortisol (Champaneri et al., 
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2013). The diurnal cortisol pattern also explains the need to account for time since 
wake, as discussed above. 

While this study did not find significant relations, many others have. An 
interesting finding that is consistent throughout the literature is the relationship of 
neuroticism and cortisol response. Neuroticism is a measure of emotional 
instability. An individual high in neuroticism is characterized to have high 
impulsivity, anxiety, hostility, and worry alongside low self-esteem and afferent 
stability and frequent self-pity. We predicted that these traits would cause the 
individual to have a higher cortisol stress response because the stressful 
environment would heighten the instability and anxiety, and theoretically also the 
HPA activation. The psychological reaction could also be predicted to stimulate the 
amygdala, which has an activating effect on the HPA axis. However, the majority of 
studies have found the opposite effect, where those high in neuroticism show little 
cortisol reactivity compared to those high in it (Xin et al., 2017; McCleery & Goodwin 
2001; Bibbey et al., 2013; Oswald et al., 2006). These papers justify this effect by 
describing that those high in neuroticism would have a blunted cortisol response, 
which would likely arise from chronic activation of the HPA axis. When the stress 
response mechanism is activated continuously, as you would expect for those who 
are consistently anxious, the result is a mechanism that is less responsive to novel 
stimuli, but also to the negative feedback mechanisms that usually regulate the HPA 
axis activity. This results in a constant over secretion of cortisol that can then lead to 
other disorders such as Cushing Syndrome.  

Even though this study did not find significant effects for any of the predicted 
results, it does add into a vast conflicting literature with abundant evidence on both 
sides. While no predictive effects for neuroticism, conscientiousness, or openness 
were found, it is imperative that research on this topic be continued. Finding a 
consistent relationship between these two factors would be the first step towards 
developing stress coping mechanisms especially attuned for specific personality 
types. It will also provide insight on which personas may be at higher risk for 
developing diseases associated with unhealthy stress responses. This research is 
crucial in furthering knowledge on stress response mechanisms as well as 
techniques used to control and lessen stress in the everyday lives of college students 
and the general public. 
 
 

Limitations: 
 
There are many limitations to this study. Primarily, because the full SWW study 
requires multiple lab visits and to have proficient time management abilities, along 
with the knowledge that participating in the study will be a foreign experience, it 
may be that the study is limited to those with higher conscientiousness and 
openness because they would be more interested in the study. This would make it 
difficult to reasonably split the participants according to high and low trait 
demonstration. Alongside this, the internal reliability for Conscientiousness was at a 
moderately high level (a=0.57), but not as reliable as the other two traits. This arises 
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from the use of self-report as a primary measure because this method is prone to be 
affected by the individual as they answer the questions. Another limitation of this 
study is that since the participants are college age and have busy schedules, it is 
difficult to schedule everyone’s visits for the same time range. This would be ideal 
because since cortisol follows a diurnal pattern throughout the day, having 
participants come in at different times of the day means they are at different stages 
of their diurnal cortisol pattern.  
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Figure 1. Laboratory visit overview. Salivary samples were taken during 
Baseline measures, Post-stress measures, 30-min-post-stress, and 45-min-post 
stress.  
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Figure 2. Procedure for Maastricht Acute Stress Test (MAST; Smeets et al., 2012).  
HIT: Hand immersion trial where participants placed their hand in ice water 
MA: Mental Arithmetic where participants were instructed to count backwards 
from 2089 by 17 while receiving negative feedback from the experimenter. 
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Figure 3. Example of a cortisol peak along retention time yielded by LC/MS. 
Area under the peak was used to represent cortisol concentration. 
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Figure 4. Line graphs portraying mean Cortisol change from Baseline (blue), VAS 
Pain/Discomfort (red), and VAS Distress (green) from Baseline to 45 minutes 
post MAST. The dotted line in the cortisol graph is a hypothetical to connect the 
Baseline and Post-MAST points since no saliva samples were taken between. 
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Total n 52 

Age, mean (SD) 20.9 (3.5) 

Gender, n (%)  

Female 42 (81) 

Male 10 (19) 

Responders, n (%) 30 (58) 

 MEAN (SD) RANGE 

Consientiousness 31.7 ± 4.9 20-43 

Neuroticism 24.21 ± 5.8 13-38 

Openness 36.96 ± 6.8 12-49 

Table 1. Demographics of Participants, including if they crossed the cortisol 
responder threshold, and the means and ranges of the personality traits 
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Trait Mean ± SD Conscientiousness Neuroticism BMI Time Since Wake 

Conscientiousness 31.7 ± 4.9 - - 0.0032 0.0034 

Neuroticism 24.21 ± 5.8 -0.30 - -0.22 -0.011 

Openness 36.96 ± 6.8 0.23 0.043 0.089 -0.0009 
 
 
 
 
 
 
 

 
 
 
 
 

  

Table 2. Correlations among the Personality traits, BMI, and Time Since Wake. 
No significant associations were found. 
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Figure 5. Cortisol response (left) and VAS rating (right) compared between the higher 
and lower tertiles of each personality trait. No mean differences were found at any 
point except in VAS Pain/Distress scores for Neuroticism. 
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 E t p R2 F 
Neuroticism      

AUCi -0.04 -0.21 0.84 0.09 1.22 
Percent Recovery -0.05 0.26 0.80 0.098 1.31 

Conscientiousness      
AUCi -0.16 -0.996 0.33 0.12 1.57 

Percent Recovery -0.006 0.04 0.97 0.097 1.28 
Openness      

AUCi -0.006 -0.04 0.97 0.09 1.21 
Percent Recovery -0.20 -1.29 0.20 0.065 1.90 

 
 
 
 
 
 

  

Table 3. Regression models for neuroticism, conscientiousness, and openness and 
cortisol reactivity (AUCi) and cortisol recovery (Percent Recovery) 
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Figure 6. All participants’ cortisol responses along their time since wake. Line colors are 
determined by BMI, the darker blue represents higher BMI. One participant, labelled in 
green, did not have a recorded BMI.  


