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Abstract 

Background: African Americans have the highest rates of hypertension-related disease of any 

ethnic group in the United States. Importantly, racism and discrimination have been linked to 

these higher rates of morbidity and mortality.  Discrimination is deleterious not only to those that 

are the recipients of this unfair treatment but also to the partners and family members of those 

affected as well to those that perpetrate this bias.  

Purpose: In this paper we identify a unique pattern of physiological response to unfair treatment 

we have called the “cardiovascular conundrum”. This pattern is characterized by greater heart 

rate variability and greater total peripheral resistance in African Americans compared to their 

European American counterparts.  

Methods and Results: We review the evidence supporting the existence of this pattern and 

propose several physiological and psychological factors that might underpin it. We also propose 

a number of factors that might help to mitigate the deleterious effects associated with it.  

Conclusions: Whereas the context of the current review is on Black/White disparities the 

framework we propose may be relevant to others exposed to unfair treatment. Ultimately, the 

systemic factors that perpetuate these inequalities will require that we first acknowledge and then 

face the challenges they present if we are to address the wealth and health disparities in our 

country.  

 

Keywords: racism; unfair treatment; discrimination; anger; total peripheral resistance; heart rate 

variability  
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“To be a Negro in this country and to be relatively conscious, is to be in a rage almost all the 

time. So that the first problem is how to control that rage so that it won’t destroy you.” 

James Baldwin [1] 

 

These words are as relevant now as they were in 1961. As we face an unprecedented time in our 

country and in fact, the world, it’s useful to examine that nature of this statement closely as it is 

pregnant with meaning. The first sentence lays out the problem. Black and Brown people in this 

country are exposed to systematic unfair treatment, discrimination, and racism. Whereas these 

are not the only people exposed to unfair treatment, the unique history of the United States 

provides a framework for understanding responses to unfair treatment among Black and Brown 

people that may be broadly applicable. Another issue highlighted in the first sentence is that 

anger is a natural response to this unfair treatment. Therefore, we need to have some 

understanding of anger and emotion in general. The second sentence highlights the dilemma. 

This anger has to be managed in such a way as to not allow it to destroy us. Thus, the issue of 

emotion regulation, especially, anger regulation requires some understanding. But, if, as it has 

been said, “anger is the poison you give yourself in the hope that the other person will die”, has 

any validity, it implies that both the giver of the anger as well as the receiver are at risk. What we 

hope to do in this paper is to try to explicate the nature of the problem and equally if not more 

importantly, try to understand the costs associated with controlling this rage so that it does not 

destroy us. 

The backdrop 

Significant health disparities exist in the US such that African Americans (AAs) have higher 

rates of mortality and morbidity from a range of disorders including cardiometabolic disease 
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such as diabetes and hypertension-related cardiovascular disease [2]. In fact, AAs have the 

highest rates of hypertension-related disease of any ethnic group in the US. Importantly, racism 

and discrimination have been linked to these higher rates of morbidity and mortality [3,4].  

In this context of racism and discrimination being associated with higher rates of negative health 

outcomes, it is important to note that this discrimination is deleterious not only to those that are 

the recipients of this unfair treatment but also to those that perpetrate this bias. In a large study 

examining the effects of European Americans (EAs) explicit and implicit racial bias on both AA 

and EA health outcomes, it was found that EAs explicit racial bias was associated with increased 

death from circulatory disease in both AAs and EAs [4]. The effect of EAs explicit racial bias 

was larger for AAs than for EAs, and when explicit and implicit bias were modeled together only 

explicit bias was associated with this effect. This is important in light of the current attention 

given to implicit bias and implicit bias training. The authors speculated that the larger effect for 

explicit bias may be due to its association with structural as well as interpersonal, behavioral, and 

emotional factors. For example, with respect to structural factors, AAs compared to EAs receive 

less pay for the same work, and receive longer prison sentences for the same crime [5,6]. 

However, the authors left open how these factors translated into biological processes associated 

with disease risk. In this paper we provide evidence for how such translation might take place.  

The effects of racism-related stress are not limited to the immediate individuals directly 

involved. These effects may extend to others such as partners and families of those involved, as 

well as persons that have witnessed the transgressions. We recently reviewed the literature on the 

contagion of social defeat in animals [7]. We showed that rodents that witnessed the social defeat 

of a conspecific showed physiological stress responses as well as depression- and anxiety-like 

behaviors [7]. In addition, social interactions with a stressed partner after social defeat were 
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associated with social avoidance and physiological stress responses in the partner not directly 

defeated. Emotional contagion in humans has been studied extensively [8] and similar processes 

as found in the rodents might be involved. Moreover, and particularly relevant in the age of 

mobile phone cameras and widespread sharing of videos, is the literature on how media exposure 

to traumatic events is associated with poor health outcomes. In one study on the effects of media 

coverage of 9/11 and the Iraq wars it was shown that watching 1-3 hours of 9/11 related 

television coverage was associated with a 20% increase in physician-diagnosed health problems 

2 to 3 years later [9]. Moreover, in a follow-up study it was found that high levels of media-

based exposure were associated with ongoing trauma-related fears and worry [10]. Relatedly, 

another study found that racism-related vigilance (i.e., anticipated racial discrimination) was 

greater in AAs compared to EAs and that this was associated with an increased risk of 

hypertension [11]. These studies on emotional contagion and media exposure highlight how 

instances of unfair treatment, and their psychological and physiological sequelae, can propagate 

throughout the community and society at large thus impacting people far beyond the direct 

participants. They also highlight how perseverative cognition such as trauma-related worry and 

racism-related vigilance may contribute to the adverse impact of this exposure. 

Research has shown that compared to their EA counterparts, AAs are more likely to perceive 

interracial hostility, to interpret ambiguous situations as more threatening, to score higher on 

measures of hostility and anger, and to attribute their hostility and anger to perceived racism 

[12]. Importantly, compared to EAs, AAs are more likely to use emotional inhibition to cope 

with their anger or as Baldwin might put it, “control that rage” [13].  

In an elegant series of studies in the 1960s, Hokanson and colleagues explored the vascular 

(blood pressure) responses associated with the recovery from anger instigation [14]. Whereas a 
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full description of these many studies is beyond the scope of the present paper, briefly what these 

studies lead Hokanson to propose was a social learning theory account of vascular responses to 

coping with anger instigation. A number of factors such as the social status of the anger 

instigator and the gender of the aggrieved individual contributed to the vascular response. 

However, the primary notion is that the response to the anger instigation that was associated with 

a higher likelihood of ending the aggression and a lower likelihood of continued aggression was 

associated with a more rapid recovery of the aggrieved persons vascular responses as indexed by 

systolic and/or diastolic blood pressure (SBP and DBP, respectively). That is, individuals learn, 

through conditioning, what coping response to the anger instigation (e.g., counter-aggression 

versus anger inhibition) leads to a lessening of the aggressive behavior. In the US, AAs learn 

from an early age to inhibit their anger expression in response to unfair treatment in an effort to 

reduce or avoid aggression. We experimentally tested this idea in a study in which an EA 

confederate interacted antagonistically toward AA and EA participants during a debate [12]. The 

debate topics were either a racially-charged topic such as police use of force against AAs or a 

non-racially-charged topic such as abortion. The results of the study were largely in line with 

what would be expected based on the Hokanson studies especially for the EAs. For EAs, when 

they were able to counter-aggress against the confederate by rating the confederate (express their 

anger), their systolic and diastolic BP recovered more quickly than AAs that expressed their 

anger against the confederate. However, when asked to inhibit their anger towards the 

confederate by rating their best friend, both EAs and AAs showed delayed recovery of total 

peripheral resistance (TPR) with AAs having the highest total peripheral resistance. Note that 

there was no good response for the AAs in that those that expressed their anger had delayed 

blood pressure recovery and those that inhibited their anger had delayed total peripheral 
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resistance recovery. The EAs that were able to express their anger had faster blood pressure 

recovery consistent with the social learning theory model of Hokanson. Given that BP elevations 

due to increased total peripheral resistance are associated with greater risk for cardiovascular 

events and mortality compared to BP elevations due to increased cardiac output (CO), the AAs 

were in a situation of “damned if you do, damned if you don’t”. That is, if one expressed their 

anger and therefore failed to halt or avoid the aggression, one could die quickly at the hands of 

police for example. But if one inhibited their anger they could die slowly, as it were, from the 

increased risk for cardiovascular events associated with elevated total peripheral resistance.  

Interestingly in this study we also measured heart rate variability (HRV). HRV refers to the beat 

to beat variability in the interbeat interval time series and reflects the autonomic neural 

regulation of cardiac chronotropic activity (heart rate). Under healthy conditions the sympathetic 

and parasympathetic (vagal) influences are in dynamic balance with vagal influences dominating 

especially in high-frequency HRV. Greater vagal activity as indexed by higher HRV has been 

shown to be associated with better psychological and physiological health outcomes [15,16]. 

And as we detail in the next section, HRV should be inversely related to total peripheral 

resistance. Thus, the HRV responses in this study were also informative. The AAs that expressed 

their anger had the lowest HRV during the recovery period whereas the EAs that inhibited their 

anger had the highest HRV. The HRV of the AAs that inhibited their anger was also higher than 

that of the AAs that expressed their anger. Whereas these responses to anger instigation were 

quite informative, we also observed an interesting pattern during the baseline. AAs had both 

higher total peripheral resistance and higher HRV compared to their EA counterparts. As noted 

above, greater total peripheral resistance is associated with increased risk for cardiovascular 

events, morbidity, and mortality. However, we have repeatedly shown that greater HRV is 
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associated with decreased risk for poor health outcomes including cardiometabolic disease 

[16,17]. Thus, AAs show a paradoxical pattern of cardiovascular activity we have termed a 

“cardiovascular conundrum” [18].  

The Cardiovascular Conundrum Phenotype 

The Cardiovascular Conundrum phenotype in AAs is characterized by greater HRV and greater 

total peripheral resistance. To understand why this is a “conundrum” one must first understand 

the regulation of blood pressure. Mean arterial pressure (MAP) equals cardiac output (CO) times 

total peripheral resistance (TPR) (MAP=CO X TPR). In addition, CO equals stroke volume (SV) 

times heart rate (HR) (CO=SV X HR). Both short-term and, as is becoming increasingly clear, 

long-term blood pressure regulation, is achieved via the baroreflex [19]. Whereas a detailed 

exposition of the baroreflex is beyond the scope of the present paper, a brief description is useful 

(see [20] for a review). A given level of BP can be reached by the regulation of cardiac output 

and total peripheral resistance which work in tandem to maintain blood flow to vital organs such 

as the brain and the heart. When BP increases, pressure sensitive mechanoreceptors in the aorta 

and carotid sinus “sense” the distension and send signals to the nucleus tractus solitarius via 

vagal afferent fibers. In a reflex manner, the nucleus tractus solitarius then initiates efferent 

sympathoinhibition and concomitant vagal activation to reduce total peripheral resistance, stroke 

volume, and heart rate to return blood pressure to its previous level. The reverse occurs in 

response to blood pressure decreases. As such, vagal activity as indexed, for example, by HRV, 

and total peripheral resistance are normally inversely related. Thus, the greater HRV and greater 

total peripheral resistance in AAs represents a “cardiovascular conundrum” [18]. Two recent 

meta-analyses provide data in support of this pattern in AAs relative to EAs [21,22]. In the first 

meta-analysis in over 6000 EAs and over 4000 AAs, we showed that AAs had a nearly full 
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standard deviation greater HRV than EAs [21]. In the second meta-analysis in over 6000 EAs 

and over 6000 AAs we showed that AAs had a nearly one third of a standard deviation greater 

total peripheral resistance than EAs [22]. This is depicted in Figure 1. Give that this pattern 

exists, what are the potential factors that lead to this pattern? We will briefly review several 

physiological and psychological factors that might help to clarify the nature of this pattern. 

Physiological Factors Associated with the Conundrum 

The regulation of the cardiovascular system and BP is complex involving many variables 

including genetics, diet, and lifestyle factors. However, the evidence for the role of genetics and 

diet as primary drivers of the Cardiovascular Conundrum, particularly BP and HRV, is less than 

compelling. With respect to genetics, a recent genome wide association study identified 17 

single-nucleotide polymorphisms on 8 loci associated with HRV [23]. In addition, the genetic 

correlations of these HRV genetic variants were associated with systolic and diastolic BP 

(among other factors) such that lower HRV would be associated with greater BP. This is as 

would be expected based upon the epidemiological and clinical data in reviews of HRV (e.g., 

[16]) as well as the role of the baroreflex in BP regulation. Importantly for the present 

discussion, 6 of the single-nucleotide polymorphisms identified in those of European ancestry 

generalized to those of African American and Hispanic/Latino ancestry. Thus, in combination 

with the high degree of genetic admixture in AAs, the evidence for a genetic basis for this health 

disparity represented by the conundrum pattern is weak [24]. 

With respect to diet and particularly sodium, the prevailing dogma is that sodium intake is 

associated with fluid volume and that fluid volume is the major determinant of long-term BP 

regulation. The data in support of this idea is problematic at best [25]. As noted above, 

increasing evidence points to the baroreflex as the major determinant of long-term BP [19]. More 
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specifically to the ethnic difference evident in the conundrum, the greater vascular resistance in 

AAs is unlikely to be due to sodium as several reviews have noted [22, 26]. In this context, it is 

interesting to note that in contrast to sodium, potassium may have beneficial effects on BP such 

that higher levels of potassium independent of sodium levels appear to be associated with lower 

BP [27]. 

Another factor that has been less explored but is more promising as a factor leading to greater 

total peripheral resistance in AAs concerns birth weight. Higher total peripheral resistance is 

both an antecedent and a consequence of low birth weight [28,29]. Much research has shown that 

even when matched on many variables such as socioeconomic status, maternal weight, age, and 

length of gestation, among others, AA women give birth to lower birth weight offspring than EA 

mothers [30]. Greater total peripheral resistance in AA women can lead to low birth weight 

offspring via decreased nutrient and blood flow to the fetus. Relatedly, low birth weight has been 

associated with less vasodilatory response in fetal umbilical cord cells and greater total 

peripheral resistance in infancy, childhood, and adulthood [29,31]. In addition, we have recently 

reported that despite the potent endogenous vasodilatory stimulus of pregnancy, AA mothers had 

greater total peripheral resistance and HRV (the cardiovascular conundrum pattern) compared to 

EA mothers. Furthermore, even though highly matched on a wide range of factors, the AA 

mothers gave birth to lower birthweight babies compared to EA mothers [32]. Thus, greater total 

peripheral resistance can be passed from one generation to the next via a non-genetic pathway. 

From the perspective of the cardiovascular conundrum, the greater vagal activity as indexed by 

HRV may be an attempt to compensate for this greater total peripheral resistance. One piece of 

evidence in support of this idea is that the greater HRV in AAs seems to appear as early as a few 

months after birth [21]. Another important piece of evidence is that the greater vascular 
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resistance in AAs is associated with decreased sensitivity to acetylcholine, which is a potent 

vasodilator [26,33]. Acetylcholine is the primary neurotransmitter of the vagus nerve. Thus, 

greater HRV in AAs may be an attempt to compensate for the decreased responsivity to 

acetylcholine as a vasodilatory agent and therefore help to explain the greater total peripheral 

resistance in AAs despite their greater HRV. 

We have reviewed several potential physiological factors that might account for the 

cardiovascular conundrum phenotype. Whereas the evidence for genetic or dietary factors is 

problematic, decreased sensitivity to acetylcholine and low birth weight are more promising as 

factors that might help to clarify the underlying mechanisms involved in the cardiovascular 

conundrum. However, these physiological factors likely don’t tell the whole story. We next 

review several psychological factors that might be associated with the “conundrum” pattern of 

response to racism, discrimination, and unfair treatment. 

Psychological Factors Associated with the Conundrum 

Successful emotion regulation including anger inhibition has been associated with greater HRV 

[12, 34,35,36]. In an early study we examined HRV during exposure to alcohol cues in remitted 

alcoholics [35]. We found that those alcoholics that could successfully regulate their impulse to 

have a drink showed greater HRV to alcohol cues compared to those that expressed a desire to 

drink after alcohol cue exposure. Butler and colleagues [34] using the emotion regulation 

paradigm pioneered by James Gross showed that both reappraisal and suppression were 

associated with greater HRV. With respect to responses to unfair treatment and the regulation of 

anger, we showed that after a contentious debate with an EA confederate, AAs that inhibited 

their anger toward the confederate had greater HRV than AAs that expressed their anger toward 

the confederate [12]. Furthermore, consistent with the social learning theory model of anger 
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regulation of Hokanson, AAs that expressed their anger had the lowest HRV. Recently, in a large 

sample of AAs and EAs we reported that anger-in was associated with greater HRV whereas 

anger-out was associated with lower HRV in AAs only [36]. In a very large sample in Brazil, 

where race is defined phenotypically by skin color, we reported that darker skinned Brazilians 

reported greater HRV, greater rates of hypertension, and greater reported discrimination 

compared to lighter skinned Brazilians [37]. Importantly, this association between ethnicity 

(darker skin tone) and HRV was partially mediated by reported discrimination. That is, the 

greater the reported discrimination the greater the HRV suggesting that greater HRV was 

associated with inhibited anger about unfair treatment. Taken together, these findings suggest 

that AAs that have to inhibit their anger in response to unfair treatment may have to regulate 

their emotions more and as a consequence have greater emotion regulation related HRV. This 

represents a potential psychological factor that might lead to greater HRV in AAs compared to 

EAs. 

Whereas these results from Brazil examined the relationship between perceived discrimination 

and HRV between ethnic groups we have also investigated the relationship between perceived 

discrimination and HRV within AAs. Within AAs, greater perceived discrimination is associated 

with lower HRV [38] (see Figure 2a). Importantly, this association was mediated by rumination 

such that only those AAs that had both lower HRV and higher rumination reported greater 

perceived ethnic discrimination (see Figure 2b). Rumination about ethnic discrimination has 

been reported to be higher in AAs [11]. In addition, we have provided meta-analytic and 

experimental evidence that perseverative cognition such as rumination, worry, and angry 

brooding is associated with both lower HRV and higher vascular responses such as blood 

pressure and total peripheral resistance [39,40].  
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A related emotion regulation strategy that might be associated with the greater total peripheral 

resistance in AAs involves so-called emotional dampening. It has been well documented that 

greater blood pressure is associated with reduced pain sensitivity (hypoalgesia). A recent meta-

analysis suggests that this is associated with an approximately one third of a standard deviation 

magnitude effect [41]. Interestingly, this effect is seen in neonates suggesting that this effect is 

potentially due to physiological rather than behavioral factors [42]. Importantly, this effect is not 

restricted to pain, and greater blood pressure has been associated with decreased responses to 

both negative and positive emotional stimuli. Of particular relevance for the present discussion, 

we have reported that this emotional dampening effect is related specifically to total peripheral 

resistance and extends to both visual and written emotional stimuli in an AA sample [43]. Thus, 

the greater total peripheral resistance in AAs could be associated with an attempt to attenuate the 

negative emotions associated with unfair treatment.  

In the above we have summarized evidence for potential physiological and psychological factors 

that might underpin the cardiovascular conundrum pattern of greater HRV and greater total 

peripheral resistance in AAs relative EAs. However, the pressing question of what can be done 

to cope with this anger so that, to paraphrase Baldwin’s words, “it does not destroy us” remains 

to be addressed. 

Summary and Conclusions 

If we are to accelerate the science on health disparities in behavioral medicine, we may need to 

develop new ways to conceptualize racial and ethnic group differences. Whitfield and colleagues 

have written cogently on this topic and identified three models that have been used to interpret 

results from studies on racial group differences [44]. One historically common model has viewed 

such racial group differences as suggesting that one group is inferior or deviant (the Cultural 
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Deviant model) thus blaming the victim as it were. Studies attributing these racial group 

differences to genetics or poor health behaviors may fall into this category. Alternatively, such 

racial group differences may be framed as adaptations to external forces and emphasizes within 

ethnic group heterogeneity (the Cultural Variant model). Therefore, in looking for answers to 

explain these health disparities, we must be extremely careful not to fall into the trap of blaming 

the victim. As D.L. Hughley notes, “Black people are always the first suspects in their own 

deaths”. That said, the physiological and psychological factors associated with the cardiovascular 

conundrum may give some clues as to what can be done to cope with this anger in response to 

unfair treatment. With respect to the physiological factors, not much can be done with respect to 

our genetics. Misguided attempts to attribute these health disparities primarily to genetic factors 

is one example of a blaming the victim strategy. Similarly, with respect to diet, attributing these 

health disparities to health behaviors such as poor food choices (e.g., eating high salt, high fat 

foods) also blames the victim. Though beyond the scope of the present paper the structural 

factors that lead to so-called food deserts and the lack of both resources and access to better food 

have been well documented [45]. In this context it is interesting to note research adopting the 

Cultural Variant model comparing Black Americans from the US Virgin Islands to Blacks from 

the US states and Washington DC. They found that whereas Blacks from the US states had 

higher rates of cardiovascular disease and associated risk factors, these differences could not be 

attributed to health behaviors or socioeconomic status [46]. However, better prenatal care to 

reduce premature and low birth weight babies and increased intake of potassium to lower BP 

represent things that can be meaningfully advanced to help mitigate the physiological factors 

associated with the cardiovascular conundrum. 
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With respect to psychological factors, worry postponement and meditation may help to decrease 

the rumination and perseverative cognition associated with lower HRV, greater vascular activity, 

and hypertension [11,47,48]. In addition, it has been reported that AA women that reported using 

prayer to cope with racism had lower resting blood pressure and total peripheral resistance 

compared to those that did not use prayer coping [49]. Those that used prayer also reported lower 

Anger-Out scores (an index of anger expression) and lower Anger-Control scores. In addition, 

those that reported using prayer coping had lower blood pressure reactivity during recall of an 

incident of maltreatment or disrespect that participants attributed to racism, and lower blood 

pressure and greater HRV during the recovery from such racism recall. Thus, there appear to be 

some things that individuals can do to help mitigate the effects of unfair treatment. However, 

laying the burden of coping with the unfair treatment solely on the individual is to overlook the 

structural factors associated with inequality and the stress of exposure to unfair treatment [11]. 

For example, a report entitled “The Asset Value of Whiteness” documented the great disparity in 

wealth between Black and Brown people compared to their White counterparts [50]. It was 

found that commonly asserted causes of these wealth disparities associated with individual 

behavior such as lack of education, family instability, lack of motivation to work hard, and poor 

spending habits did not account for these differences in wealth [50].  

In this paper we have used the insightful words of one of America’s greatest social 

commentators on matters of race to provide a framework for understanding the challenges 

associated with coping with unfair treatment.  The effects of such unfair treatment are borne not 

only by the persons directly involved but by those that are indirectly exposed as well. The pattern 

of psychophysiological response to unfair treatment we identified likely represents an adaptation 

to external forces consistent with the Cultural Variant model of racial group differences. Clearly, 
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changes in the structural factors associated with unfair treatment are needed to mitigate the 

consequences of unfair treatment. Changes such as criminal justice reform and equal pay would 

certainly help to address the lack of equality present in our society. However, these require 

changes to deeply embedded political and cultural institutions and will require the dedicated 

work of all of us. However, in the words of James Baldwin, “Not everything that is faced can be 

changed, but nothing can be changed until it is faced”. 

 

 

  



17 
 

 

References 

1. Baldwin J, Capouya E, Hansberry L, Hentoff N, Hughes L, Kazin A. The negro in American 

culture. CrossCurrents. 1961 Jul 1;11(3):205-24. 

2. Virani, S. S., Alonso, A., Benjamin, E. J., Bittencourt, M. S., Callaway, C. W., Carson, A. P., 

... & Djousse, L. (2020). Heart disease and stroke statistics—2020 update: a report from the 

American Heart Association. Circulation, E139-E596. 

3. Clark R, Anderson NB, Clark VR, Williams DR. Racism as a stressor for African Americans: 

A biopsychosocial model. Am Psychol. 1999 Oct;54(10):805. 

4. Leitner JB, Hehman E, Ayduk O, Mendoza-Denton R. Blacks’ death rate due to circulatory 

diseases is positively related to whites’ explicit racial bias: A nationwide investigation using 

project implicit. Psychol Sci. 2016 Oct;27(10):1299-311. 

5. Williams DR. Race, Socioeconomic Status, and Health: The Added Effects of Racism and 

Discrimination. Ann NY Acad Sci. 1999;896. 

6. Spohn C. Race and sentencing disparity. Reforming criminal justice: A report of the Academy 

for Justice on bridging the gap between scholarship and reform. 2017;4:169-86. 

7. Carnevali L, Montano N, Tobaldini E, Thayer JF, Sgoifo A. The contagion of social defeat 

stress: Insights from rodent studies. Neurosci Biobehav Rev. 2020 Apr 1;111:12-18. 

8. Hatfield E, Bensmana L, Thorntona PD, Rapsona RL. New Perspectives on Emotional 

Contagion: A Review of Classic and Recent Research on Facial Mimicry and Contagion. 

Interpersona. 2014;8(2):159-79. 

9. Silver RC, Holman EA, Andersen JP, Poulin M, McIntosh DN, Gil-Rivas V. Mental-and 

physical-health effects of acute exposure to media images of the September 11, 2001, attacks and 

the Iraq War. Psychol Sci. 2013 Sep;24(9):1623-34. 

10. Garfin DR, Poulin MJ, Blum S, Silver RC. Aftermath of terror: a Nationwide longitudinal 

study of posttraumatic stress and worry across the decade following the September 11, 2001 

terrorist attacks. J Trauma Stress. 2018 Feb;31(1):146-56. 

11. Hicken MT, Lee H, Morenoff J, House JS, Williams DR. Racial/ethnic disparities in 

hypertension prevalence: reconsidering the role of chronic stress. Am J Public Health. 2014 

Jan;104(1):117-23. 

12. Dorr N, Brosschot JF, Sollers III JJ, Thayer JF. Damned if you do, damned if you don't: The 

differential effect of expression and inhibition of anger on cardiovascular recovery in Black and 

White males. Int J Psychophysiol. 2007 Nov 1;66(2):125-34. 

13. Steffen PR, McNeilly M, Anderson N, Sherwood A. Effects of perceived racism and anger 

inhibition on ambulatory blood pressure in African Americans. Psychosom Med. 2003 Sep 

1;65(5):746-50. 



18 
 

 

14. Hokanson JE, Willers KR, Koropsak E. The modification of autonomic responses during 

aggressive interchange. J Pers. 1968;36(3):386-404. 

15. Beauchaine TP, Thayer JF. Heart rate variability as a transdiagnostic biomarker of 

psychopathology. Int J Psychophysiol. 2015 Nov 1;98(2):338-50. 

16. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic imbalance, heart rate 

variability and cardiovascular disease risk factors. Int J Cardiol. 2010 May 28;141(2):122-31. 

17. Schuster AK, Fischer JE, Thayer JF, Mauss D, Jarczok MN. Decreased heart rate variability 

correlates to increased cardiovascular risk. Int J Cardiol. 2016 Jan 15;203:728-30. 

18. Hill LK, Thayer JF. The autonomic nervous system and hypertension: ethnic differences and 

psychosocial factors. Curr Cardiol Rep. 2019 Mar 1;21(3):15. 

19. Lohmeier TE, Iliescu R. The baroreflex as a long-term controller of arterial pressure. 

Physiology. 2015 Mar;30(2):148-58. 

20. Benarroch EE. The arterial baroreflex: functional organization and involvement in neurologic 

disease. Neurology. 2008 Nov 18;71(21):1733-8. 

21. Hill LK, Hu DD, Koenig J, Sollers III JJ, Kapuku G, Wang X, Snieder H, Thayer JF. Ethnic 

differences in resting heart rate variability: a systematic review and meta-analysis. Psychosom 

Med. 2015 Jan;77(1):16-25. 

22. Brownlow BN, Williams DP, Kapuku G, Vasey MW, Anderson NB, Koenig J, Thayer JF, 

Hill LK. Ethnic Differences in Resting Total Peripheral Resistance: A Systematic Review and 

Meta-Analysis. Psychosom Med. 2020 Jul 1;82(6):548-60. 

23. Nolte IM, Munoz ML, Tragante V, Amare AT, Jansen R, Vaez A, Von Der Heyde B, Avery 

CL, Bis JC, Dierckx B, Van Dongen J. Genetic loci associated with heart rate variability and 

their effects on cardiac disease risk. Nat Commun. 2017 Jun 14;8(1):1-7. 

24. Cooper RS. Race, genes, and health—new wine in old bottles?. Int J Epidemiol. 2003 Feb 

1;32(1):23-5. 

25. Folkow B. On bias in medical research; reflections on present salt-cholesterol controversies. 

Scandinavian cardiovascular journal: SCJ. 2011 Aug;45(4):194. 

26. Taherzadeh Z, Brewster LM, Van Montfrans GA, VanBavel E. Function and structure of 

resistance vessels in black and white people. J Clin Hypertens. 2010 Jun;12(6):431-8. 

27. Sudhir K, Forman A, Yi SL, Sorof J, Schmidlin O, Sebastian A, Morris Jr RC. Reduced 

dietary potassium reversibly enhances vasopressor response to stress in African Americans. 

Hypertension. 1997 May;29(5):1083-90. 

28. Leeson CPM, Kattenhorn M, Morley MB, Lucas A, Deanfield JE. Impact of low birth weight 

and cardiovascular risk factors on endothelial function in early adult life. Circulation 

2001;103:1264-1268. 



19 
 

 

29. Ligi I, Grandvuillemin I, Andres V, Dignat-George F, Simeoni U. Low birth weight infants 

and the developmental programming of hypertension: A focus on vascular factors. Semin 

Perinatol. 2010;34:188-192. 

30. Giscombé CL, Lobel M. Explaining disproportionately high rates of adverse birth outcomes 

among African Americans: the impact of stress, racism, and related factors in pregnancy. 

Psychol Bull. 2005 Sep;131(5):662. 

31. Kalinowski L, Dobrucki IT, Malinski T. Race-specific differences in endothelial function: 

predisposition of African Americans to vascular diseases. Circulation. 2004 Jun 1;109(21):2511-

7. 

32. Christian LM, Koenig J, Williams DP, Kapuku G, Thayer JF. Impaired vasodilation in 

pregnant African Americans: Preliminary evidence of potential antecedents and consequences. 

Psychophysiology. In press. 

33. Jones DS, Andrawis NS, Abernethy DR. Impaired endothelial‐dependent forearm vascular 

relaxation in black Americans. Clin Pharm Ther. 1999 Apr;65(4):408-12. 

34. Butler EA, Wilhelm FH, Gross JJ. Respiratory sinus arrhythmia, emotion, and emotion 

regulation during social interaction. Psychophysiology. 2006 Nov;43(6):612-22. 

35. Ingjaldsson JT, Laberg JC, Thayer JF. Reduced heart rate variability in chronic alcohol 

abuse: relationship with negative mood, chronic thought suppression, and compulsive drinking. 

Biol Psychiatry. 2003 Dec 15;54(12):1427-36. 

36. Thayer JF, Koenig J. Resting Cerebral Blood Flow and Ethnic Differences in Heart Rate 

Variability: Links to Self-Reports of Affect and Affect Regulation. NeuroImage. 2019 Nov 

15;202:116154. 

37. Kemp AH, Koenig J, Thayer JF, Bittencourt MS, Pereira AC, Santos IS, Dantas EM, Mill 

JG, Chor D, Ribeiro AL, Benseñor IM. Race and resting-state heart rate variability in Brazilian 

civil servants and the mediating effects of discrimination: An ELSA-Brasil cohort study. 

Psychosom Med. 2016 Oct 1;78(8):950-8. 

38. Williams DP, Pandya KD, Hill LK, Kemp AH, Way BM, Thayer JF, Koenig J. Rumination 

moderates the association between resting high-frequency heart rate variability and perceived 

ethnic discrimination. J Psychophysiol. 2017 Sep 25. 

39. Ottaviani C, Thayer JF, Verkuil B, Lonigro A, Medea B, Couyoumdjian A, Brosschot JF. 

Physiological concomitants of perseverative cognition: A systematic review and meta-analysis. 

Psychol Bull. 2016 Mar 1;142(3):231-59. 

40. Ottaviani C, Brosschot JF, Lonigro A, Medea B, Van Diest I, Thayer JF. Hemodynamic 

profiles of functional and dysfunctional forms of repetitive thinking. Ann Behav Med. 2017 Apr 

1;51(2):261-71.  

41. Makovac E, Porciello G, Palomba D, Basile B, Ottaviani C. Blood pressure-related 

hypoalgesia: a systematic review and meta-analysis. J Hypertens. 2020 Aug 1;38(8):1420-35. 



20 
 

 

42. France CR, Taddio A, Shah VS, Pagé MG, Katz J. Maternal family history of hypertension 

attenuates neonatal pain response. PAIN. 2009 Apr 1;142(3):189-93. 

43. McCubbin JA, Merritt MM, Sollers III JJ, Evans MK, Zonderman AB, Lane RD, Thayer JF. 

Cardiovascular emotional dampening: The relationship between blood pressure and recognition 

of emotion. Psychosom Med. 2011 Nov;73(9):743-750. 

44. Whitfield KE, Allaire JC, Belue R, Edwards CL. Are comparisons the answer to 

understanding behavioral aspects of aging in racial and ethnic groups?. J Gerontol B-Psychol. 

2008 Sep 1;63(5):P301-8. 

45. Beaulac J, Kristjansson E, Cummins S. Peer reviewed: A systematic review of food deserts, 

1966-2007. Prev Chronic Dis. 2009 Jul;6(3). 

46. Lee H, Kershaw KN, Hicken MT, Abdou CM, Williams ES, Rivera-O'Reilly N, Jackson JS. 

Cardiovascular disease among black americans: comparisons between the US virgin islands and 

the 50 US states. Public Health Rep. 2013 May;128(3):170-8. 

47. Verkuil B, Brosschot JF, Korrelboom K, Reul-Verlaan R, Thayer JF. Pretreatment of worry 

enhances the effects of stress management therapy: A randomized clinical trial. Psychother 

Psychosom. 2011 Apr 1;80(3):189. 

48. Barnes VA, Treiber FA, Davis H. Impact of Transcendental Meditation® on cardiovascular 

function at rest and during acute stress in adolescents with high normal blood pressure. 

Psychosom Res. 2001 Oct 1;51(4):597-605. 

49. Cooper DC, Thayer JF, Waldstein SR. Coping with racism: The impact of prayer on 

cardiovascular reactivity and post-stress recovery in African American women. Ann Behav Med. 

2014 Apr 1;47(2):218-30. 

50. Traub A, Sullivan L, Meschede T, Shapiro T. The Asset Value of Whiteness. Institute on 

Assets and Social Policy and Demos. 2017. 

  



21 
 

 

Figure 1. Ethnic Differences in both heart rate variability (HRV) and total peripheral resistance (TPR) 

Based on Meta-Analysis Findings 

 

Note: Figure 1 represents estimated mean differences in both HRV and TPR based on prior meta-

analyses (Hill et al., 2012; Brownlow et al., 2020). Based on our findings, AAs are nearly one standard 

deviation (Hedge’s g = .93) higher in baseline HRV (Hill et al., 2012) and 1/3 standard deviation (Hedge’s 

g = .307) higher in baseline TPR (Brownlow et al., 2020) compared to EAs. Greater mean differences in 

the above figure reflect a greater mean value (i.e., HRV and TPR) in AAs compared to EAs. 
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Figure 2. Scatterplots Depicting Relations between Heart Rate Variability, Perceived Ethnic 

Discrimination, and Rumination in African Americans 

 

Note: Figure 2A is a scatterplot depicting the significant association between high-frequency heart rate 

variability (HF-HRV) and perceived ethnic discrimination in a sample of African Americans (r = -.303, p < 

.05). Figure 2B depicts rumination as significant moderator of this association (see Williams et al., 2017 

for all statistics), such that in African Americans with higher self-reported rumination (i.e., African 

American above the median) showed the negative association between HF-HRV and perceived ethnic 

discrimination, whereas this association was not apparent in African Americans who report lower levels 

of rumination (i.e., African Americans below the median).  

 


