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ABSTRACT 

Researchers have repeatedly demonstrated the effects of cardiac afferents not only in 

their ability to maintain homeostasis, but also to alter cognitive processes. However, very little 

information is available concerning the effects of stress induction on the modulation of these 

behaviors. The author proposed that cardiac afferent activity during systole will impair cognitive 

function in correctly categorizing fear and anger faces and that deliberate stress induction will 

increase heart rate, blood pressure and baroreceptor activity, thereby increasing the afferent 

effect across participants. Also, it was theorized that high heart rate variability, suggestive of 

high trait self-control would have a negative correlation with cardiac phase effects.  While it was 

found that cardiac phase effects, specifically systole, did have an inhibitory effect on the accurate 

detection of emotional faces, there was no finding that stress induction further attenuated this 

effect, nor did it correlate with high heart rate variability.     
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INTRODUCTION 

We live in tumultuous times, in a country where racism and aggression against those who 

are different are all but a thing of the past. One need only turn on the news to witness the 

meaningless deaths of innocent people every day, sometimes at the hands of those that are meant 

to protect the very citizens they’re shooting. The reasons for these deaths certainly include racist 

and bigoted beliefs, but are also attributable to many other factors, including our own limited 

ability to control our own anxiety (Nieuwenhuys, Savelsbergh, & Oudejans, 2012).   

 While factors including racism and socioeconomic status, and the negative stereotypes 

associated with them, can be affected, it is probable that they could take years or even 

generations for an effect to take place. In the short term, however, it is possible that, at a neural 

level, our biases and anxieties can be moderated through various treatments . For instance, 

exercises such as heart rate coherence breathing or biofeedback have been shown to reduce and 

build resilience to the very anxiety that can cause us to shoot (Cugini et al., 2001; Hildebrandt, 

Mccall, Engen, & Singer, n.d.; Lehrer et al., 2004). 

Importantly, researchers have also shown that cardiac afferent activity, specifically 

baroreceptor activity during systole, can have an adverse effect on the expression of racial 

stereotypes (Azevedo, Garfinkel, Critchley, & Tsakiris, 2017). However, despite finding 

significant results of an effect, support for this mechanism is still weak and underrepresented in 

literature. Therefore, in the short term, it is necessary to demonstrate that the physiological 

functions of the cardiovascular system can have a demonstrable effect on emotion and cognition. 

Previous research has shown that cardiac feedback through blood pressure -related  

baroreceptor activity influence task-switching, and short-term memory tasks, but also racial bias 

in in weapon identification (Azevedo et al., 2017; Hildebrandt et al., n.d.; Quelhas Martins, 
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McIntyre, & Ring, 2014). However, most of these tasks measure the effects of cardiac afferents 

at a base, or resting state, disregarding any possible influence that increased heart rate or blood 

pressure may have on this mechanism.  

Therefore, we set out to ascertain whether or not we could modulate this effect by 

inducing emotional and physiological stress, both of which will be covered in more detail in the 

methodology portion of this thesis. Ultimately, we strove to validate three simple statements: [1] 

Cardiac afferent activity during systole will impair cognitive function in correctly categorizing 

fear and anger faces. [2] Stress induction will increase heart rate, blood pressure and 

baroreceptor activity, increasing the afferent effect across participants. [3] High heart rate 

variability, suggestive of high trait self-control and motivation as well as an ability to control 

levels of arousal, will have a negative correlation with cardiac phase effects (Hildebrandt et al., 

n.d.). 
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LITERATURE REVIEW 

CARDIAC PHASE EFFECTS 

As stated, visceral afferents have been shown to have several effects on decision making, 

perception and emotion; both advantageous and deleterious. As it applies to the heart, cardiac 

afferents not only moderate heart rate and blood pressure, but can activate or enhance cognitive 

performance, direct the appropriation of attentional resources, and enhance or suppress other 

forms of sensory processing, such as pain (Azevedo et al., 2017; Hildebrandt et al., n.d.; Quelhas 

Martins et al., 2014). Evidence also shows, critical to our investigation, that the systole portion of 

the cardiac cycle can enhance the perception of fear and threat faces while suppressing non-

emotional stimuli such as neutral faces or written words (Critchley & Garfinkel, 2018; Garfinkel 

et al., 2014).  

The exact mechanism through which these feedback signals affect emotional responses 

and decision-making are difficult to ascertain due to the confusion that can result from 

attempting to attribute behavior to afferents and efferents that are occurring simultaneously 

(Azevedo et al., 2017). What is known is that cardiac afferent signals begin with the 

baroreceptors, mechano-stretch and pressure receptors that reside within the heart and arteries. 

During systole, or the emptying phase of the cardiac cycle, the mass of ejected blood from the 

ventricle results in a pressure wave that stretches the arterial walls and results in the firing of the 

baroreceptors located within. These then innervate the vagus and glossopharyngeal nerves, 

carrying this critical feedback about the strength and timing of ventricle ejection to the nucleus 

of the solitary tract (NST) (Saper, 2002). The result is a feedback loop that modulates blood 

pressure by slowing or speeding heart rate, as well as signaling changes in peripheral 

vasodilation (Charkoudian et al., 2005; Saper, 2002). 
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Importantly, though, are the specific areas innervated by the vagus and glossopharyngeal 

nerves that emanate from the NST; elements of the emotion processing limbic system including 

the amygdala, insula and anterior cingulate (Garfinkel et al., 2014). Of these, the amygdala 

appears to have the greatest influence on emotional processing of memories and threat (Adolphs, 

2008; Cahill & McGaugh, 1998; LeDoux, 2003). Proponents of amygdala directed affective 

processing attribute such importance to this region of the baroreceptor reflex that they claim that 

threat processing can be automatic, despite difficulties in replicating these findings (Garfinkel et 

al., 2014). But, while automatic processing is difficult to support, it has been demonstrated 

through blood oxygen-level dependent (BOLD) fMRI that the amygdala is highly involved in the 

processing of anger, and to a greater extent, fear faces (Whalen et al., 2001).  

 

CARDIAC TIMING 

Critical to this study is the establishment of not only end-diastole (ED) and end-systole 

(ES), but also the time it takes for the arteries to fill, the baroreceptors to fire, and the processing 

of afferent signals to project to processing areas in the brain. The typical view of ED is marked 

by mitral valve closure (MVC) and the end of the filling of the heart. At this point, mechanical 

systole takes over for the duration of aortic valve opening, with ES at closure of this valve after 

the ventricular contraction and expulsion of blood from the heart (Bombardini et al., 2008). 

Specifically, according to at least one study (Bombardini et al., 2008), systole begins 

approximately 20ms +- 13 ms following mitral valve closure (MVC) in healthy participants. 

Furthermore, MVC occurs shortly, 47 to 63 ms after the R-peak of the QRS complex in 

participants with narrow and wide QRS complexes, respectively (Gill & Hoffmann, 2010). 
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Despite this evidence, it can be safely assumed that mechanical systole occurs no later than 

100ms after MVC.  

 Of primary concern is probing the emotional faces during diastole cardiac phases. Several 

studies demonstrate that under stress and increased heart rates, both of which we are inducing, 

the diastolic cardiac cycle shortens much more rapidly proportional to the systolic cycle. In 62 of 

161 healthy patients in one study, the systolic/diastolic proportion actually inverts at rapid 

heartbeats, with systole becoming the greater proportion of the cardiac cycle (Bombardini et al., 

2008). Furthermore, regardless of how much the heart rate increases, blood flow times, the 

activation of baroreceptors and innervation of those critical cortical areas necessary to show an 

effect can only happen so quickly. For instance, one study demonstrated that at a pulse rate of 52 

beats per minute, systole lasted for a period of 400ms post R-wave (Fridericia, 2003). However, 

when heart rate was doubled to 104 beats per minute, effectively halving the R-R interval, the 

systole period still only fell by 21 percent to 315 ms (Fridericia, 2003). One study proposes that 

the entire baroreceptor reflex requires 250ms to centrally process following mechanical systole 

but there is an overall lack of understanding concerning the specific time frame (Borst & 

Karemaker, 1983) .  

 

STRESS INDUCTION 

 There are several protocols available for the induction of stress states in human 

participants such as the Trier Social Stress Test (TSST). However, for the purposes of this study, 

it was important to prevent cognitive load during the emotion detection task to prevent any 

interference with the intended effect (Brouwer & Hogervorst, 2014). And while the TSST is one 

of the preeminent protocols for inducing mental and physiological stress, current literature 
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suggests that those biomarkers that reflect stressful states, namely cortisol and heart rate, as well 

as perceived stress are only affected during the stress test, but not before or after (Hellhammer & 

Schubert, 2012). Typically, the TSST is also predominantly used to elicit neuroendocrine 

responses, a measure that we are not interested in due to it slow reactivity (Brouwer & 

Hogervorst, 2014).  

For the purposes of this study, it was important to incorporate a more robust protocol to 

elicit fast-reaction markers of stress response, such as heart rate and respiration. Called the Sing-

a-Song Stress Test (SSST), this relatively new protocol induces psychological stress in a manner 

similar to the TSST, but without the necessity to create a speech, presentation or other product 

for delivery (Brouwer & Hogervorst, 2014). Furthermore, the method’s developers were able to 

demonstrate elevated heart rate and skin conductance within 10 seconds after informing 

participants of the singing task, allowing the emotion detection task to be performed during the 

anticipatory phase prior to any actual singing (Brouwer & Hogervorst, 2014). Contrary to the 

methods of the original researchers of measuring pulse with no-touch camera technology, 

however, we chose to use a Biopac MP 160 system with wireless Nomadix 3-lead ECG. Given 

the resolution we require to trigger primes on systole and diastole cardiac phases, it was the best 

choice given available resources.  

 

HEART RATE VARIABILITY 

There is evidence to support the conclusion that individuals with high interoceptive 

abilities are largely immune to the deleterious effects of these mechanisms, such as those tested 

in heartbeat detection tasks. For instance, market traders working in high-stress financial 

environments often rely on gut instinct to perform optimally in their profession. It’s no 
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coincidence then, that these traders outperform controls on heart beat detection tasks (Critchley 

& Garfinkel, 2018). Other studies support an increase in performance positively correlated with 

increases in HRV including increased executive function, alertness and resilience to stress 

(Prinsloo, Derman, Lambert, & Laurie Rauch, 2013; Thayer, Hansen, Saus-Rose, & Johnsen, 

2009). 
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METHODOLOGY 

Data was collected from 42 volunteers who were prescreened to identify any preexisting 

cardiac conditions, stimulant or drug use. One participant was excluded for a self-disclosed heart 

arrhythmia. There were 10 participants who, for whatever reason, did not have heart rate data 

recorded throughout the duration of the study. This is indicated by their average R-R interval 

registering a value of “1” throughout the entirety of the study. It is not clear why this happened 

but is most likely the result of a faulty ECG lead connection during the testing procedure. Since 

none of their data can be properly indexed against cardiac phases, they were excluded. The final 

sample contained 31 participants (17 females; mean age = 21, s.d. = 3.3). 

After screening, but prior to testing, participants were asked to complete an electronic 

version of a stress mindset survey (Crum, Salovey, & Achor, 2013). Results of this survey were 

recorded and collated with task performance for later analysis by testing personnel.  

 

 

The evaluated task performed by participants was an emotion detection task which 

required them to compare various levels of fear and anger across a series of multiracial female 

and male faces that were created using FaceGen software. An example of the faces used during 

Figure 1. 8 example faces generated using FaceGen software illustrating 
various genders, ethnicities and levels of emotion. 
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task performance are included in Figure 1. While presented randomly, the emotion levels were 

evenly distributed at 0, 33, 66, and 100% for both fear and anger, and for all genders and 

ethnicities. Over all task conditions, participants were presented with 416 trials, created out of 

361 digitally morphed faces, or primes. Critically, the primes were also presented in a balanced 

proportion of systole and diastole cardiac phases in an attempt to elicit effects of baroreceptor 

feedback on the cognitive task.  

To begin, participants were given a practice task without primes, consisting of ten 

geometric shapes interceded by a fixation cross, and the instruction to depress the keyboard 

space bar when presented with a triangle. Just as in the actual task, the fixation cross was 

presented for a minimum of 500ms during each inter-trial period and shapes or primes for 

500ms. As this is basically a shoot/no shoot task, during actual trials participants were given 

instructions to press the space bar on angry faces and withhold on fear faces since this is what is 

contextually required by military and law enforcement personnel.  

Participants completed the task eight times; twice at control, twice during a period of 

emotional stress induction, twice during a period of physiological stress induction, and twice 

more while the participant recovered from stress induction. Both stress induction states were 

tested twice in a repeated measures format. 

To induce emotional stress, participants performed the Sing-a-Song Stress Test (SSST) 

(Brouwer & Hogervorst, 2014; Toet, Bijlsma, & Brouwer, 2017). This test has been shown to 

increase heart rate by 5-25 beats per minute in a majority of participants, an effect similar to the 

Trier Social Stress Test (Brouwer & Hogervorst, 2014; Hellhammer & Schubert, 2012; Toet et 

al., 2017). However, the latter test, which requires participants to develop and give a brief 

presentation, would potentially confound results by increasing cognitive load. To prevent this 
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load in the SSST, participants were provided with several popular songs from which to choose 

and were presented with the corresponding lyrics. Once participants were notified of the singing 

task, they were briefly asked to describe their perceived level of stress by providing a number, 

ranging from 1 to 10, with 1 being completely stress free and 10 being very stressed. These were 

recorded for later analysis by testing personnel. Upon providing this number, participants were 

prompted to complete the emotion detection task. Only upon completion of the task did they 

begin to sing, leveraging the anticipatory stress state to measure any possible afferent effect.  

Limitations of the SSST include the fact that there is some degree of remaining mental 

workload for the participant insofar as they must choose a song. However, several sources 

indicate that workload stress responses are somewhat muted compared to those caused by 

emotional stress (Brouwer & Hogervorst, 2014). Given that this is a new paradigm, there is also 

insufficient data concerning habituation effects across participants during repeated measures 

(Brouwer & Hogervorst, 2014).  

To disentangle the emotional stress from the physiological component, participants also 

employed an under-desk mini bike to increase heart rate to the approximate level they achieved 

during the SSST stress induction. Once they achieved that increase, as decided by testing 

personnel, they were instructed to stop pedaling and perform the emotion detection task again. At 

completion of each singing and pedaling combination, participants performed the task again to 

assess directional effects during cardiac recovery.  
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As stated before, in a healthy participant at a resting heart rate of 60 beats per minute, the 

R-R interval would take one minute to complete with approximately 200-400ms comprising 

mechanical systole. However, this study intentionally induced stress states that increased heart 

rate, and therefore, required a more flexible approach to priming emotion faces during the 

detection task. Therefore, the code written to prime the faces based on systole and diastole 

dynamically adjusted the presentation time by calculating average R-wave to R-wave intervals 

over the previous five heartbeats. As depicted in Figure 2, the software would then present 

systole primes at AVG R-R * .3125, and diastole primes at AVG R-R * .75. This insured that 

systole and diastole primes never exceeded their “windows” of presentation. Given the rapid 

decrease in the diastolic “window” for presentation, the upper limitation on heart rate that the 

study software could reasonably employ to differentiate between the two cardiac phases was 115 

beats per minute. Any heart rates exceeding this threshold would result in improper targeting of 

systole and diastole “windows.” Furthermore, a control was emplaced to insure any stimulus 

meant to be presented on systole that happened to fall outside of R-peak + 400ms would be 

excluded on the basis of exceeding systole. This could possibly occur at very low heart rates, but 

did not present itself during the course of the study.  

Figure 2. A graphical representation of the dynamic timing of 
presentation for primes on both diastole and systole. 
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As an additional measure to provide insight into future experiment directions and design, 

a heart rate variability (HRV) breathing coherence task was also appended to the end of the 

experiment (Cugini et al., 2001; Lehrer et al., 2004). Principally, it was hoped that this addition 

would provide information regarding possible correlations between task accuracy based on 

cardiac phase effects and heart rate variability. A significant correlation between these could lead 

to treatments with the purpose of improving cognitive performance in stressful situations by 

improving HRV.  

All data analysis was performed using R compiled through RStudio version 1.0.153. 

Collected data was analyzed using a series of descriptive statistics to summarize the study 

population, including mean age, gender, and task accuracy. Task accuracy was also broken down 

by gender, trial condition, and ethnicity of faces displayed. A repeated measures ANOVA was 

performed using the aov command to ascertain whether or not trial condition, cardiac phase and 

the interaction of the two modulated task accuracy. I then checked the results of the aov 

command by running a linear mixed model test, employing the lmer command. And, as a final 

check, results were modeled using Bayesian statistics to attribute support to the null or 

alternative hypothesis.  
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RESULTS 

  Results from the repeated measures ANOVA with the two-way interaction of cardiac 

phase (systole/diastole) X task condition on task accuracy were significant (F (7, 12274) = 3.01, 

p < .01). However, when running a Bayesian model (BF = .004), there was no support for this 

interaction. Singularly, task accuracy based on task condition alone, was also significant when 

using frequentist methods (F (7, 12274) = 2.08, p < .05). But, as illustrated in the two-way 

interaction of cardiac phase and task condition, a Bayesian analysis of task accuracy based solely 

on task condition (BF = .00004) failed to show any support for a difference. Importantly, the 

effect of cardiac phase on task accuracy was significant when using frequentist methods (F 

(1,12274) = 17.08, p < .001) and Bayes factor analysis. A Bayes factor analysis produced very 

strong support (BF = 100.99) for a significant difference in task accuracy based on cardiac phase.  

 Several correlation coefficients were computed to ascertain possible effects of HRV, 

perceived stress, and stress mindsets on task accuracy and each other. HRV scores were assigned 

to each participant by computing the root mean square of successive differences (RMSSD) of the 

inter-beat interval, an Ultra Short-Term (UST) measurement that has high correlation with 

longer-duration HRV measurements (Shaffer, Shearman, & Meehan, 2016). Perceived stress 

scores were averaged from each participant based on their subjective assessment after singing 

notification tasks. And finally, stress mindset scores were assigned by averaging the numerical 

total of a participants answers on the stress mindset survey (Crum et al., 2013).  

 Correlation analyses performed on task accuracy and HRV (r = .1, p = .6), task accuracy 

and mindset (r = -.25, p = .17), task accuracy and perceived level of stress (r = .05, p = .78), 

HRV and perceived level of stress (r = .06, p = .73) and mindset score and perceived level of 
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stress (r = -.03, p = .88) were all found to be insignificant. These correlation coefficients were 

computed for the benefit of highlighting possible future research questions.  
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CONCLUSION 

 

 

The analysis of study results indicate that there is a significant effect of cardiac phase on 

task accuracy when processing fear and anger faces with systole appearing to inhibit task 

accuracy, as indicated in figure 3. This effect is supported by a growing base of literature as 

discussed. However, there is very little support to indicate that inducing stress in participants, 

whether emotional/physiological or just physiological, had any effect on the performance of the 

emotion detection task.  

 

Figure 3. Results illustrating the statistically significant (F = 
17.08, p < .001) difference of task accuracy by cardiac phase. 

Figure 4. Descriptive statistics, while insignificant, illustrated poorer 
performance on emotion detection post-singing notification. 
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Overall, participants did perform worse in both emotional stress inductions, as illustrated 

in Figure 4 above, but results were only marginally significant. Given the Bayes factor analysis 

of no support for a difference in task, I cannot conclude that the stress induction had any effect. 

Furthermore, average recorded heart rates for all participants across all task conditions indicate 

that actual physiological markers were not significantly different between control, singing, 

pedaling and recovery. Initial investigation shows that while those markers, such as heart rate, 

were immediately elevated post singing notification and pedaling, participants quickly recovered 

as the emotion detection tasks progressed. Therefore, the Sing-a-Song Stress Test should be 

reevaluated as a stress induction protocol as more information becomes available on effects and 

habituation.  

 

 

One potential aspect of this study and collected data that was not predesignated as a 

thesis question was participant perception of anger and fear by gender and ethnicity. There is 

already a significant amount of literature on other and own race, phenotyping and gender bias 

related to executive function and amygdala activation (Chiroro, Tredoux, Radaelli, & Meissner, 

2008; Kuppens et al., 2012; Maddox, 2004). At a glance, our data in Figure 5 would seem to 

Figure 5. Descriptive statistics illustrating a potential future research 
question regarding emotion perception by gender and ethnicity. 
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support the literature given that males and darker skinned ethnicities were perceived to be angry 

at a much higher rate than lighter-skinned females. Therefore, the use of our unique protocol 

could be employed for any future research exploring these contemporary topics.  

Ultimately, it is my belief that research of this type has the potential to illuminate 

significant social and mental health issues currently affecting the United States. From 

inappropriate use of force in policing and in wars, to the treatment or prevention of post-

traumatic stress disorders, the implications are far-reaching. Understanding how baroreceptor 

and other autonomous nervous system feedback mechanisms can moderate emotion and 

cognition can lead to the development of advanced training regimes with the intent of increasing 

cognitive performance in high-stress occupations. 
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