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Abstract

Objective—Black Americans (BAs) are at an elevated risk for morbidity and mortality in 

comparison to White Americans (WAs). Racial stressors are a common occurrence in American 

culture and is theorized to contribute to these disparities. When race-focused, stereotype threat 

(ST) is considered to be a factor that is detrimental to health in BAs; however few studies have 

directly investigated the impact of a ST manipulation on physiological function. Furthermore, it is 

proposed that racial stressors such as ST may have prolonged effects when more likely to 

perseverate (e.g. rumination) over the stressor and thus, those with greater trait perseveration may 

be more affected by ST. We sought to explore the impact of ST and trait perseveration on changes 

in vagus nerve activity – an indication of adaptive psychological and physiological well-being – as 

indexed by vagally mediated heart rate variability (vmHRV).

Design—Forty-three (24 females, mean age of 20, standard deviation of 3 years) apparently 

healthy BA individuals were randomly assigned to one of three experimental conditions in which 

they received either implicit (subtle), explicit (blatant), or no ST priming (control condition), prior 

to completing a cognitive task. Resting vmHRV was assessed both at baseline (pre-task) and 

recovery (post-task).

Results—BAs in the explicit ST condition exhibited the greatest decrease in vmHRV in 

comparison to the control group from pre-to post-task. BAs with moderate to high levels of trait 

perseveration showed the greatest decrease in vmHRV from pre-to post-task in comparison to 

those with lower levels of trait perseveration and BAs in the control group.
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Conclusion—These data suggest that racial ST, especially when explicit and coupled with trait 

perseveration, can decrease vagal activity, as indexed by decreased vmHRV, which when 

experienced frequently can have significant consequences for health and longevity in BAs.
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1. Introduction

Racial stressors are a significant problem in the American culture – they uniquely and 

negatively affect individuals of color, particularly Black Americans (BAs),1 in comparison 

to White Americans (WAs; e.g. Pascoe and Smart Richman 2009; Steele and Aronson 1995). 

Converging evidence has linked such stressors with deleterious psychological and 

physiological outcomes, including cardiovascular disease, in BAs (see Brondolo et al. 2009; 

Schmader, Johns, and Forbes 2008; Williams and Mohammed 2009, for reviews). Therefore, 

racial stressors are thought to be important factors underlying health disparities found 

between BAs and WAs (e.g. Williams and Mohammed 2009). Specifically, BAs are at a 

greater risk for morbidity and mortality of the leading causes of death in America, including 

cardiovascular disease (American Heart Association 2016).

Stereotype threat (ST) occurs when a cue(s) in the environment brings to mind, either 

consciously or unconsciously, a negative group-based stereotype for which the individual 

belongs to; ST is defined as being at risk of confirming such a negative stereotype (Aronson 

et al. 2013; Burgess et al. 2010; Steele and Aronson 1995). When these stereotypes are race-

based, ST is considered a racial stressor. It is important to note that racial ST is 

fundamentally different from other racial stressors, including racial discrimination. Racial 

discrimination involves negative behavior towards an individual based on their race, while 

racial ST is the threat of confirming a negative cognitive bias based on race. It is important 

to note here that the ST cue not need to come from another individual, but more broadly can 

be manifested via any environmental stimulus that may bring about a negative racial 

stereotype to the mind of the stigmatized individual (Smith 2004). It is the potential of 

confirming a negative racial stereotype that can have negative outcomes, such as decrements 

in working memory, in individuals of color, including BAs, and other negatively stigmatized 

groups (for review see Schmader and Johns 2003).

1.2. Stereotype threat and neural activity: potential consequences for working memory

In its original inception, ST was a stressor thought to contribute to the achievement gap 

found between BAs and WAs. Steele and Aronson (1995) showed that under ST conditions, 

BAs performed worse on a task (intelligence test) compared to all WAs and BAs in the 

1It is important to note that ethnicity (e.g. African American) and race (e.g. Black American) represent very different constructs as it 
relates to identities, status, and inequality. Nevertheless, when referring to Black and White Americans throughout the manuscript, we 
are referring to those of African and European descent, respectively. As it relates to the impact of race-related stressors, we 
acknowledge that it can potentially impact many other individuals of color and minority groups, and not just African Americans. 
However, as it relates to health disparities, these have been shown to be particularly prevalent in African American individuals and as 
such, Black Americans are considered African Americans in the present report for the purposes of providing a clear hypothesized link 
between race-related stressors aimed at Black Americans, and health outcomes in African Americans.
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control condition. Years later, converging evidence remains in support of this stance, having 

demonstrated that any ST (e.g. racial, gender) can decrease working memory capacity, as 

indexed by poorer performance on working memory and other cognitive tasks, in the 

respective stigmatized group compared to those under no threat and respective non-

stigmatized groups (for review see Schmader and Johns 2003; Schmader, Johns, and Forbes 

2008). One primary neurological mechanism by which ST is thought to disrupt working 

memory is the impact it can have on executive brain region activity, particularly the 

prefrontal cortex (PFC; responsible for the overall cognitive control and the recruiting of 

cognitive resources; Derks, Inzlicht, and Kang 2008; Schmader, Johns, and Forbes 2008). In 

this regard, two studies showed decreased activity in the PFC under ST conditions in women 

(Krendl et al. 2008; Wraga et al. 2006). Taken together, ST can decrease the neural resources 

needed to complete a cognitive task, and it is theorized that these brain areas may be 

otherwise occupied in the regulation of the stress/threat of potentially confirming a negative 

stereotype (Derks, Inzlicht, and Kang 2008; Schmader, Johns, and Forbes 2008). However, 

these few aforementioned studies have focused on women as the stigmatized group and thus, 

there is no direct evidence to support such a similar neurological mechanism in the context 

of race. Similar executive brain regions that are disrupted when experiencing ST (Derks, 

Inzlicht, and Kang 2008; Krendl et al. 2008; Wraga et al. 2006), have also been implicated 

in the regulation of the ANS (Thayer et al. 2012).

1.3. Stereotype threat and the autonomic nervous system: potential consequences for 
health

The autonomic nervous system (ANS) is a major homeostatic system, dually innervating 

many organs of the body (including the heart) and is of the most prominent factors linking 

somatic health to psychological processes (Thayer and Sternberg 2006; Weber et al. 2010). 

Greater executive brain activity, particularly in the medial PFC, is associated with greater 

activation of the parasympathetic nervous system (PNS; rest or digest) branch of the ANS. 

The vagus nerve is the primary nerve of the PNS and greater activity represents that of a 

major descending inhibitory pathway responsible for adaptively regulating inflammatory, 

immune, endocrine, and cardiovascular functions (Jarczok et al. 2014; Thayer and Lane 

2009; Thayer and Sternberg 2006; Thayer, Yamamoto, and Brosschot 2010; Weber et al. 

2010). In contrast, increased activation in brain areas that are associated with threat and 

stress, such as the amygdala, are related to activity increases in the sympathetic nervous 

system (SNS; fight or flight) branch of the ANS (Thayer et al. 2012). In a resting (e.g. 

sitting) state, the balanced and healthy individual displays greater PNS, relative to SNS, 

activity. ANS imbalance is characterized as a hypoactive PNS and hyperactive SNS, and is 

indicative of poorer physiological regulation due to lesser inhibitory control from the vagus 

(i.e. lower PNS activity) at rest (Thayer and Lane 2000; Thayer and Sternberg 2006). Thus, 

lower vagal tone and subsequent ANS imbalance in a resting state is associated with a 

number of disease states, including cardiovascular and inflammatory disease, and all-cause 

mortality (Thayer et al. 2012; Thayer, Yamamoto, and Brosschot 2010; Thayer and 

Sternberg 2006). Vagally-mediated heart rate variability (vmHRV) is a non-invasive method 

used to both index vagus nerve activity and predict ANS imbalance, and as such, has been 

shown to be predictive of mortality from cardiovascular and other diseases (Thayer et al. 

2012; Thayer and Sternberg 2006; Thayer, Yamamoto, and Brosschot 2010). Therefore 
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resting vmHRV can proxy both overall health and the degree to which executive brain 

regions are active and thus can readily self-regulate (e.g. cognitive control) in a given 

context (Thayer et al. 2012; Thayer and Lane 2000).

Given the importance of the vagus nerve in maintaining healthy bodily processes, 

understanding how ST influences vagal activity may provide insights into how racial 

stressors gets ‘under the skin’ (Hatzenbuehler, Nolen-Hoeksema, and Dovidio 2009) and 

affects physiological function in BAs. Previously only one study (Croizet et al. 2004) 

addressed the influence of ST on vmHRV; the study found vmHRV to be lower in 

stereotyped individuals in comparison to non-stereotyped individuals while performing a 

task under ST conditions but not under non-ST conditions. Indeed, vmHRV has been linked 

with cognitive control, such that those with greater vmHRV are often better at cognitive 

control (Thayer, Yamamoto, and Brosschot 2010; Williams, Thayer, and Koenig 2016) via 

greater PFC brain activity (Thayer et al. 2012). Thus, lower vmHRV during the task was 

construed as reflecting a decrease in working memory resources (Croizet et al. 2004) – a 

finding consistent with the hypothesis that ST decreases working memory capacity 

(Schmader, Johns, and Forbes 2008) and that vmHRV can index PFC activity (Thayer et al. 

2012). It is important to note that stereotypes in this experiment were experimentally 

generated, and thus were not of a preexisting stereotype based on a demographic (e.g. race, 

gender). Moreover, this study did not examine vmHRV following the ST manipulation, as it 

would be important to know if ST remains subjectively active following the task, 

subsequently influencing resting-recovery (or prolonged) vmHRV activity. One study 

(Blascovich et al. 2001) showed that experimentally manipulated ST leads to increased 

blood pressure in BAs 20 min following the manipulation, demonstrating prolonged SNS 

activity; however, prolonged decrements in PNS (vagal) activity are better predictive of 

disease and death (Thayer and Sternberg 2006; Thayer, Yamamoto, and Brosschot 2010). In 

sum, while there is converging evidence illustrating the negative impact of ethnic 

discrimination and racism on both physiological and health outcomes (see Pascoe and Smart 

Richman 2009 for review) in BAs, little work has been conducted to explore potential 

physiological and health consequences of ST. Vagal activity following a stressor, or resting-

recovery vmHRV, is thought to represent immediate physiological consequences of a 

stressor, that is, the degree to which the stressor is remaining subjectively active, which can 

have a detrimental impact one health and longevity (Brosschot, Gerin, and Thayer 2006; 

Brosschot, Verkuil, and Thayer 2010).

1.4. Resting-Recovery vagal tone and the perseverative cognition hypothesis

One model of health that assists in explaining the link between stress related changes in 

physiology and disease is the Perseverative Cognition Hypothesis. This hypothesis accounts 

for situations in which an individual may experience prolonged psychophysiological arousal 

both in anticipation to and following the presence of a stressor (Brosschot, Gerin, and 

Thayer 2006, 2010). Perseverative cognition represents a highly vigilant state, which may 

produce moderate but chronic levels of activation in the cardiovascular, hypothalamic 

pituitary adrenal, and immune systems via decreases in vagus nerve activity (Brosschot, 

Gerin, and Thayer 2006, 2010).
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Perseverative cognition, or simply perseveration, can be defined as excessive rumination 

and/or worry over past or present (real or imagined) stressors (Brosschot, Gerin, and Thayer 

2006). Worry can be defined as the repetitive negative thinking of possible future outcomes 

or events, whereas rumination can be defined as the repetitive thinking of past outcomes or 

events (Nolen-Hoeksema, Wisco, and Lyubomirsky 2008). Previous studies showed that 

when a stressor is no longer present, decreased PFC and increased amygdala activity 

following the experience of a stressor is characteristic of perseveration. This pattern of 

neural activity can lead to prolonged psychophysiological responses, for example, decreased 

resting-recovery vmHRV (Brosschot, Gerin, and Thayer 2006, 2010; Verkuil et al. 2010). 

This cycle of prolonged arousal and delayed recovery can permanently alter organ system 

functioning via the vagus, as indexed by vmHRV, effectively creating a pathway between 

stressor(s) and disease (Brosschot, Gerin, and Thayer 2006; Thayer, Yamamoto, and 

Brosschot 2010; Thayer and Sternberg 2010). Overall, the Perseverative Cognition 

Hypothesis posits that individuals experience prolonged periods of stress-related arousal 

through continued or repeated cognitive representations of the relevant stressor(s), and that 

subsequent vmHRV activity (recovery-resting vmHRV) could be used as an index to capture 

such a prolonged impact (Brosschot, Gerin, and Thayer 2006, 2010).

Thus, it is necessary to understand if ST can be a racial stressor that activates perseveration 

processes in BAs, where these individuals may experience not only the initial activation of 

the stereotype that can lead to both lower vmHRV reactivity (e.g. Croizet et al. 2004) and 

cognitive deficits (see Schmader, Johns, and Forbes 2008, for review), but also a ‘running 

dialogue’ as the threat may remain subjectively present and prolong vmHRV recovery. This 

would be particularly problematic in settings beyond the laboratory where individuals often 

endure multiple activations of ST. This idea has been applied to other racial stress factors. 

One recent study found resting-recovery vmHRV to be decreased following a racism 

manipulation (Neblett and Roberts 2013), while another report showed experiences of 

discrimination led to decreased resting vmHRV and increased resting mean HR a day 

following the negative racial discriminatory event, independent of trait perseveration 

(Hoggard et al. 2015). Indeed, such decreased vmHRV may contribute to aforementioned 

negative health outcomes seen in BAs, however research has not yet directly examined how 

ST may impact resting-recovery vmHRV in BAs. Such a study could also support for the 

idea that ST disrupts executive brain regions, and extend this idea to both demographic-

based (in this case race-based) ST and prolonged activity (beyond the experience of the 

stressor itself). Moreover, if ST indeed leads to perseveration – as determined by decreased 

resting-recovery vmHRV – it is plausible that following the experience of ST, those with 

greater trait perseveration, or a general tendency to engage in perseveration, would show the 

greatest decrease in vmHRV compared to BAs with lower trait perseveration.

1.5. Present study

The present study attempts to illustrate the extent to which ST can impact prolonged vagal 

activity, as indexed by recovery-resting vmHRV, in BAs. More precisely, we investigated the 

extent to which BAs who experience ST will exhibit greater decreases in vagal activity in 

comparison to the BA control group.
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In line with existing research, we hypothesized BAs to perform worse on a cognitive task 

following the ST manipulation in comparison to BAs in a control condition. We also 

hypothesized that BAs who experienced the ST manipulation would show a greater decrease 

in vmHRV from pre-task (baseline) to post-task (recovery) in comparison to BAs in the 

control group. We sought to explore the differential impact of both subtle/implicit and 

blatant/explicit ST on both cognitive performance and resting-recovery vmHRV. 

Considering the potential perseveration that ST may elicit, we also expected that BAs with a 

greater trait perseveration – in this instance rumination – would be most impacted by the ST 

conditions (i.e. exhibiting the greatest decrease in vmHRV).

2. Material and methods

2.1. Participants

Forty-three (24 females, mean age of 20, standard deviation of 3 years) BA individuals 

participated in the present study. Subjects were recruited via the Research Experience 

Program (REP) pool at The Ohio State University, allowing students to participate in 

research for partial class credit in an introductory level psychology course. Funding from 

The Ohio State University College of Social and Behavioral Sciences and College of Arts 

and Sciences also allowed us to recruit and compensate participants outside of the REP pool 

resulting in a diverse sample across the university (i.e. students from various majors and 

cohorts). The institutional review board approved the study, and all participants signed 

written informed consent.

2.2. Procedure

Participants were seated in a soundproof experimental room that was equipped with a 

camera and a microphone. Participants were given a detailed explanation of the procedure 

without indicating the underlying hypothesis or aim of the study. Upon completion of the 

consent form, height and weight were collected to assess body mass index. 

Electrocardiogram (ECG) leads were then attached to the subjects and while in a separate 

control room, the experimenter led the subjects to the initial phases of the experiment. 

Participants first completed a 5-minute baseline-resting period, in which they sat in a resting 

position with the television displaying a blank, grey screen, and were instructed not to move 

or fall asleep (spontaneous breathing). Immediately following this period, participants were 

to complete either a(n) (i) implicit ST, (ii) explicit ST, or (iii) control condition (randomly 

assigned). All participants then completed the cognitive task, immediately followed by a 5-

minute resting-recovery period (same conditions as baseline), and ending the experiment 

with a set of self-report questionnaires.

2.3. Stereotype threat manipulations

In the implicit ST manipulation, participants viewed a screen that read, ‘The next phase of 
the experiment can serve as a measure of intelligence’; the following screen asked the 

participant to indicate their ethnicity. The purpose of this manipulation was to provide a 

subtle prime that would unconsciously elicit any negative stereotypes that may be associated 

with intelligence and the individual’s racial (BA) group.2 In the explicit ST manipulation, 

participants viewed the same two screens viewed by those in the implicit ST manipulation; 
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however, the third screen read, ‘The following cognitive task has been shown to produce 
ethnic differences in the past. The average performance of majority participants was better 
than the performance of ethnic minority participants’ following the first two screens. Here 

we intended to provide a blatant prime that would consciously elicit any negative stereotypes 

associated with the individual’s racial group and intelligence (For discussion on our 

conceptual differences between ‘race’ and ‘ethnicity’, please see Footnote 1 in the 

Introduction). In the control condition, participants went directly from the baseline period to 

the cognitive task instructional screen.

2.4. Modified flanker task

Next, participants completed a modified flanker task, (adopted from Baars and Gage 2010), 

in which they were responsible for responding to the positioning (left or right) of a target 

(dot) in the face of a distracting cue (flanker-arrow). The task was administered via E-Prime 

1.0 software (Psychology Software Tools, Inc., Sharpsburg, PA, USA).

Participants were first instructed to place their left index finger on the ‘Z’ key and their right 

index finger on the ‘M’ key. Participants began the trial by fixating on a cross in the middle 

of the screen for 1000 ms. Then, a flaker-arrow appeared for a brief period (250 ms) 

positioned directly to the left or right of the fixation cross. The direction for which the arrow 

pointed was consistent with the arrow placement (e.g. a cue arrow pointing left will always 

be placed to the left of the fixation cross). If the arrow pointed in the same direction of the 

target (left or right), the trial was considered congruent. If the arrow pointed in the opposite 

direction of the target, the trial was considered incongruent. Participants completed 120 

trials, with 24 incongruent (20%) and the remaining 96 trials (80%) were congruent – a ratio 

of trials previously proposed for tasks attempting to test attention abilities (Baars and Gage 

2010; Posner 1980; Posner and Petersen 1990). There was an even split of trials in which the 

target occurred on the left or right side (60 trials each side). Participants were instructed to 

respond to the positioning of the dot as quickly and as accurately as they could, ‘ignoring all 

other information’. Each trial was terminated immediately upon the participants’ selection, 

and the next trial began (inter-trial-interval of 1000 ms). In this task, the arrow is considered 

a distracting flanker that is difficult to ignore (Baars and Gage 2010). Individuals must work 

to appropriately direct attention in order to respond to the correct spatial positioning target, 

especially on incongruent trials (Baars and Gage 2010; Posner 1980). Thus, incongruent trial 

performance was of particular interest, as ST is most likely to disrupt processing on these 

trial types. Accuracy rates (ACC; proportion of the trials correct), and reaction time (RT; 

reaction time of responding on correct trials only) were recorded for incongruent trials. 

Upon the completion of this task, participants completed a 5-minute resting-recovery phase 

similar to baseline.

2.5. Perseverative cognition: ruminative responses scale

Upon completion of the task, participants completed a set of questionnaires, including the 

22-item Ruminative Responses Scale (RRS; Treynor, Gonzalez, and Nolen-Hoeksema 

2Implicit ST does not have to elicit stereotypes unconsciously, per se. The important components of implicit ST are both the 
ambiguity and subtleness of the threat (Mendoza-Denton et al. 2009).
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2003). Participants answered on a scale from 1 (almost never) to 4 (almost always), (sample 

item: How often do you think ‘What am I doing to deserve this?’), with higher numbers 

representing greater trait rumination. The RRS contains three subscales, including brooding 
rumination (wallowing and sulking), dampening rumination (sadness and despair), and 

reflective rumination (problem solving and analyzing). In the present analysis, only total 

RRS scores were used as an index of perseveration.

2.6. Vagally mediated heart rate variability

Cardiac activity data was recorded continuously via a 3-lead electrocardiogram (ECG) at a 

sampling rate of 1000 Hz using a Mindware™ 2000D Impedance Cardiograph package. 

Electrodes were placed (1) below the right clavicle, (2) on the left side of the abdomen 

(below the heart), and (3) on the right side of the abdomen. VmHRV assessed during (i) a 5-

minute resting-baseline period and (ii) a 5-minute post-task recovery period were used for 

analysis. Differences between the two segments were calculated as change scores. The 

variability between successive R-spikes (or variability of the inter-beat-intervals) was 

obtained from ECG recordings to calculate vmHRV. Participants’ successive inter-beat-

intervals, in milliseconds, were extracted using HRV 3.0.25 Analysis software (Mindware 

Technologies, LTD), written in a text file, and analyzed using Kubios HRV analysis package 

2.0 (Tarvainen et al. 2014), allowing for the calculation of time- and frequency-domain 

indices of vmHRV. Artifacts within the R-to-R series were visually detected, and we applied 

an artifact correction level that would differentiate and remove artifacts (differing abnormal 

inter-beat-intervals from the mean inter-beat-intervals) using a piecewise cubic spline 

interpolation method. The root mean square of successive differences (RMSSD), measured 

in milliseconds, was calculated and is considered to be a stable and valid time-domain 

measure of vmHRV (Thayer, Yamamoto, and Brosschot 2010). Autoregressive estimates 

were also calculated, yielding high frequency (HF) power HRV (HF-HRV, 0.15–0.4 Hz), 

which is also considered both a stable and valid index of vmHRV (Thayer, Yamamoto, and 

Brosschot 2010). RMSSD and HF values were natural log transformed (ln) to fit the 

assumptions of linear analyses. In the present study lnRMSSD correlated highly with lnHF-

HRV (r = .927, p < .001) –thus, we only report lnHF-HRV results as the measure of vmHRV. 

Results were identical when using lnRMSSD (results not shown).

2.7. Statistical methods

All statistical tests were performed using IBM SPSS Statistics 22 (IBM Corp., Armonk, NY) 

and StatsSoft Statistica 6.0 (StatSoft, Inc., Tulsa, OK). All tests were two-tailed level and 

evaluated with an alpha of .05.

Both gender (e.g. male = 1, female = 2) and experimental condition (control group as ‘1’, 

implicit ST group as ‘2’, and explicit ST group as ‘3’) were given dummy codes. 

Demographic covariates that have been shown to influence vmHRV were also added in all 

vmHRV analyses, including body mass index (Koenig et al. 2014), age (Choi et al. 2006), 

and gender (Koenig and Thayer 2016).

To test the effects of ST on vmHRV from pre- (baseline) to post- (recovery) task, we used a 

between-within factor analysis of variances (ANOVAs). The within-subject factor (TIME) 
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includes vmHRV at two phases of the experiment (baseline and post task recovery). 

CONDITION (implicit, explicit, and no ST) was used as the between subject factor and 

aforementioned covariates were controlled included. Task performance was analyzed using 

multiple 1-way ANOVAs, where the between factor included CONDITION, and dependent 

variables included the aforementioned indices of SE task performance. Preplanned contrasts 

were used to evaluate hypothesized comparisons and pattern differences (from pre-task 

baseline to post-task recovery) in vmHRV between groups (Rosnow and Rosenthal 1995). 

We computed r coefficients to indicate the strength of the association between the 

experimental manipulation and changes vmHRV. The 95% confidence interval (in square 

brackets) associated with corresponding mean difference (MD) is also provided to indicate 

precision.

In order to test if trait perseveration (total RRS scores) moderated the relationship between 

the ST manipulations and vmHRV changes in BAs, the SPSS macro PROCESS was used 

(Hayes 2012). We used ‘Model 1’ to test how rumination impacted changes in vmHRV in 

BAs who experienced ST. We first created three different contrast variables: the variable 

‘Contrast 1’ included dummy codes for individuals in the control and implicit ST (but not 

the explicit ST) groups; ‘Contrast 2’ included codes for control and explicit ST (but not 

implicit ST) groups; and ‘Contrast 3’ included dummy codes for implicit ST and explicit ST 

(but not the control) groups. Any contrast(s) found to be significant in the ANOVA 

preplanned contrast analyses (see above) were used as the independent variable (IV); trait 

perseveration (total RRS scores) as the moderating (M) variable; and change scores from 

baseline- to recovery-resting vmHRV as the dependent variable (DV; with negative scores 

representing a greater decrease in vagal activity). If the 2-way interaction is significant, it 

suggests that the relationship between the IV and DV changes at different levels of M (for 

review, see Hayes 2012; see Figure 1 for conceptual diagram). The nature of the interaction 

was determined using PROCESS’ conditional effects, that is, how the IV-DV relationship 

changes at different levels of M. Higher and lower values for the predictor variables are 

derived using +/− 1SD from the mean (respectively), allowing the program to yield predicted 

values of the DV at varying levels of the predictor variables (lower, moderate, and higher 

levels of the predictor variable). Statistics reported include unstandardized beta (B) 

coefficients, standard errors (SE; in brackets), partial correlation coefficients (for 

interactions), and confidence intervals.

3. Results

Table 1 shows means (standard deviation in brackets) of all variables split by experimental 

condition. ANOVA results showed a null main effect of TIME (F(1,37) = .98, r = .161, p = .
328), a significant main effect of CONDITION (F(2,37) = 5.43, r = .476, p = .008), and a 

trending interaction between the two (F(2,37) = 2.70, r = .357, p = .080). Preplanned contrasts 

showed that BAs in the ST manipulation (both implicit and explicit) had a significant 

decrease in vmHRV from pre- to post-task compared to the control group (F(1,37) = 4.44, r 
= .327, p = .042). When considering both types of ST, BA individuals in the explicit ST 

showed a significant decrease in vmHRV (F(1, 37) = 5.37, MD =−.63, [−1.18, −.080], r = .

356, p = .026), whereas BAs in the implicit ST condition did not show a significant decrease 

in vmHRV (F(1, 37) = 1.51, MD = −.31, [−.81, .20], r = .198, p = .227) from pre- to post-task 
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compared to the control group. No significant differences were found between BAs in the 

implicit and explicit conditions (F(1, 37) = 1.44, MD = .27, [−.88, .23], r = .194, p = .237). 

Relative vmHRV change scores from baseline to post-task recovery and their 95% 

confidence intervals are illustrated in Figure 2.

Thus using PROCESS, ‘Contrast 2’ (control coded as 1 and explicit ST coded as 2) was used 

to explore how perseveration possibly moderated this change in vmHRV. ‘Contrast 2’ was 

used as the IV, trait perseveration as the M, and change score values from baseline to 

recovery as the DV. Results showed a strong interaction between variables to predict change 

in vmHRV (B = −.037 (.015), [−.068, −.006], rpartial = −.497, p = .022). Conditional effects 

showed that those in the explicit ST group who also yielded moderate (B = −.356 (.16), [−.

684, −.026], p = .036) and higher (B = −.33 (.22), [−1.21, −.274], p = .004) RRS scores 

showed decreases in vmHRV from baseline to recovery, whereas BAs who scored lower on 

the RRS did not show similar decreases compared to the control group (B = −.03 (.22), [−.

43, −.48], p = .895; Figure 3). On task performance (both congruent and incongruent trials), 

we found no significant differences in BAs between conditions (each p > .521).

4. Discussion

It is theorized that racial stressors such as ST can have a profound and negative impact on 

health in BAs. However, little work has investigated the impact of ST on physiological 

function in negatively stigmatized individuals such as BAs, and no study had previously 

demonstrated how trait perseveration may moderate this association. To our knowledge, the 

present study is the first to investigate the impact of ST on changes in vagal activity –vital in 

maintaining good health – from baseline to recovery and how trait perseverative tendencies 

may moderate such effects in BAs.

Our results support the general impact of ST on physiological function, showing that BAs 

under ST conditions can experience decreased baseline- to recovery-resting vmHRV; this 

pattern of results were particularly evident in the explicit ST group compared to the control 

group. Within the explicit ST group, our data suggest that those with moderate to high levels 

of trait perseveration (i.e. rumination), were most impacted by the blatant ST manipulation. 

As previously mentioned, racial ST is fundamentally different from racial discrimination. 

Racial discrimination involves negative behavior towards an individual based on their race, 

while racial ST is the threat of confirming a negative cognitive bias based on race. Thus, our 

findings are novel in the sense that the conscious threat of confirming negative biases based 

on race can lead to prolonged decreases in vagal activity, which is necessary for the adaptive 

regulation of several vital bodily systems (Thayer and Sternberg 2006; Thayer, Yamamoto, 

and Brosschot 2010), in BAs. In sum, racial ST – particularly when blatant – can prolong 

decreased vmHRV, which can have downstream consequences for health and thereby 

supports the ideology that ST and other racial stressors are important factors underlying 

health disparities found between BAs and WAs.

4.1. Implications

As prolonged decreased vmHRV in a resting state following a stressor is often evident of 

perseveration (Brosschot, Gerin, and Thayer 2006, 2010), it is plausible that BAs in the 
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explicit ST condition perseverated (whether conscious or unconscious) over ST. These 

results are consistent with the aforementioned studies that have examined how race related 

stressors and perseverative processes may influence physiology (Hoggard et al. 2015; 

Neblett and Roberts 2013). Thus, our results extend these previous reports by showing that 

ST, particularly when explicit, can be a racial stress that also leads to decreases in resting-

recovery vagal activity. We also showed that BAs who typically perseverate may experience 

an even greater decrease in resting-recovery vmHRV following an (explicit) ST 

manipulation compared to those lower in trait rumination. This suggests that trait rumination 

can elevate the degree to which blatant ST prolongs vmHRV recovery. It is important to note 

that we do not suggest that having lower perseverative tendencies will compensate for the 

possible negative outcomes related to race-related stressors (e.g. ST) in BAs; this idea has 

been supported previously (e.g. Hoggard et al. 2015) and in the current data. Specifically, all 

tests of the ST manipulation impacting vmHRV remains significant when including 

rumination as a covariate. Additionally, trait rumination does not significantly mediate the 

association between experimental conditions and changes in vmHRV. Taken together, we 

suggest that having lower perseverative tendencies is will not solve the larger issue of the 

prevalence of racial stressors in America, but instead, lower perseverative tendencies in BAs 

is of particular importance, as the negative effects of race-related stressors can be 

exaggerated in those who tend to perseverate. In line with this idea, a recent meta-analysis 

found BAs to have greater resting vmHRV in comparison to WAs (Hill et al. 2015). 

However, BAs also tend to have greater resting peripheral resistanc in comparison to WAs – 

a pattern of results termed the ‘cardiovascular conundrum’ (Hill et al. 2015). It is proposed 

that greater vmHRV in BAs served as a compensatory mechanism. That is, with race-related 

stressors, such as ethnic discrimination and stereotype threat, BAs need greater emotion 

regulation capabilities to inhibit their expressions of anger in response to such unfair 

treatment. A recent report supported these claims, showing ethnic discrimination to mediate 

the association of darker skin color in AAs and greater resting vmHRV (Kemp et al. 2016). 

However, another report showed that within AAs, lower vmHRV was associated with greater 

experience of discrimination (Williams et al. in press). Taken together, although BAs show 

higher resting vmHRV in comparison to WAs, lower resting vmHRV within BAs may still 

represent lesser emotion regulation capabilities as previously theorized in all individuals 

(Thayer and Lane 2000). The current study extends this idea to emotion regulation 

strategies, such that maladaptive coping mechanisms such as rumination may be particularly 

harmful for BAs’ (and other individuals of color) unique and negative day-to-day encounter 

with ST and other racial stressors. From another perspective, Burgess et al. (2010) suggested 

that, in addition to maladaptive health behaviors, there are multiple internal mechanisms 

driving the relationship between ST and health, particularly in medical settings. 

Physiological arousal is considered one of the seven mechanisms behind ST and health set 

forth by Burgess et al. (2010). We propose that decreased vmHRV following racial stressors 

such as ST represents the psychophysiological mechanism linking such stressors 

unfavorable health outcomes, emphasizing the vagus nerve as an important pathway of the 

stress response in BAs who experience ST.

Given the volume of previous research proposing that ST decreases working memory, we 

expected to see significant differences between conditions on our cognitive task, which has 
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been previously shown to activate brain areas involved with working memory (Baars and 

Gage 2010). However, there were no strong differences in accuracy or reaction time between 

BAs in any condition. Previous studies have examined the effects of ST on cognitive 

performance by using intelligence tasks such as math tests, or fluid intelligence tasks such as 

the Raven’s Progressive Matrices, where working memory is crucial in the completion of 

these tasks (Blascovich et al. 2001; Croizet et al. 2004; Schmader, Johns, and Forbes 2008; 

Schmader and Johns 2003; Shapiro and Neuberg 2007), and possibly more so in comparison 

to our modified Flanker Task. This point is important, as the lack of impact ST had on 

performance could be seen as a limitation in verifying that ST actually occurred. Here, it is 

important to note that given the definition of ST, performance decrements are an outcome, 

and not requirement, of the experience of ST. Our data showed participants as a whole to 

have little difficulty with the task (all accuracy rates > .95). Therefore, we propose that the 

task may not have been difficult enough to reveal performance deficits given the importance 

of task difficulty in examining ST effects on performance (see Keller 2007, for emperical 

evidence; for review see, Nguyen and Ryan 2008). In fact, our observed effects – that is 

decreased vmHRV in BAs following explicit ST – might underestimate the prolonged 

impact of ST, as it may have been stronger had the task been more difficult. Importantly, the 

present results suggest that the decreased vmHRV associated with the explicit ST condition 

was likely not due to poor performance on the task, and instead likely due to the threat/stress 
associated with ST. Additionally, while vmHRV during the task is beyond the scope of this 

report and thus data are not shown, it is important to note there were no significant results 

found using vmHRV during the task as the Croizet et al. (2004) report, suggesting that these 

prolonged reductions in vmHRV cannot be attributed to actually confirming the stereotype. 

Instead, the mere threat of confirming the stereotype (under explicit conditions) lowered 

prolonged resting (and not reactive) vmHRV in BAs – a pattern of activity that can be 

detrimental for health. Finally, here it is also important to highlight the positive association 

between resting vmHRV and brain areas involved in working memory (e.g, PFC; see Thayer 

et al. 2012, for meta-analysis). Therefore, while traditional ST effects did not show on our 

task parameters, by theoretical and empirical extension, we provide psychophysiological 

evidence that ST occurred in our experiment; decreased vmHRV represents lesser vagal tone 

and PNS activity, which reflect lesser activity in brain areas involved in working memory 

theoretical (see Thayer et al. 2009, 2012 for reviews), suggesting disruption of these areas 

(e.g. Croizet et al. 2004) at least under explicit ST conditions.

Overall, a growing body of research has linked decreased vagal tone to cardiovascular and 

other diseases (Brosschot, Gerin, and Thayer 2006; Brosschot, Van Dijk, and Thayer 2007; 

Brosschot, Verkuil, and Thayer 2010; Elliot et al. 2011; Thayer et al. 2012, 2010; Thayer 

and Lane 2000, 2009; Thayer and Sternberg 2010). While the current investigation shows 

that experimentally manipulated ST can have acute-prolonged negative effects on vagal 

activity as indexed by vmHRV, overtime, the repeated exposure to ST may be detrimental to 

the aforementioned physiological systems and subsequent health. Thus, loss in vagal control 

could be an underlying mechanism linking ST with health and longevity. However, 

longitudinal research beyond the laboratory setting is needed to address this claim directly.
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4.2. Limitations and future directions

As previously mentioned, some may consider the lack of performance decrements following 

the experience of ST in this investigation as a limitation. Considering this viewpoint, future 

investigations should replicate our procedure using a more difficult paradigm (e.g. math 

testing) compared to the current used modified Flanker Task. As a result, researchers could 

examine if the results would be different/stronger in the event that participants show 

decreases in cognitive performance in response to ST. Additionally, given the impact ST can 

have on other stigmatized groups, such as women, this effect should be examined in 

alternative target groups. Our present ST manipulation did not focus on gender as the 

primary target stigma-group and thus, we could not analyze this in our data. Finally, ST is a 

phenomenon that can occur in any individual who identifies with a negatively stigmatized 

group. Thus, future research should examine how ST impacts vmHRV in other negatively 

stereotyped groups.

4.3. Conclusions

It is well-documented that racial stressors can have a detrimental impact on health in BAs 

(see Brondolo et al. 2009; Schmader, Johns, and Forbes 2008; and Williams and Mohammed 

2009, for reviews). The present investigation is among the few (e.g. Hoggard et al. 2015; 

Hill et al. 2015; Williams et al. in press) to propose vmHRV as an underlying physiological 

mechanism linking racial stressors – in this instance ST – with health outcomes in BAs. We 

propose that decreased vagal activity due to the experience of ST and other racial stressors’ 

is an important mechanism underlying the health disparities in our society. Additionally, our 

results show that higher trait perseveration can lead to greater decreases of vagal activity 

following the experience of ST and thus for BAs (and possible other negatively stigmatized 

groups), lesser trait perseveration may be of particular importance given the unique and 

negative impact of day-to-day racial stressors such as ST.
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Figure 1. 
Conceptual diagram of proposed moderation model. This figure provides a conceptual 

illustration of the proposed (and tested) model. The three contrasts serves as the independent 

variable(IV), trait perseverative cognition served as the moderator variable (M), and vmHRV 

change scores from pre-to post-task served as the dependent variable (DV).
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Figure 2. 
VmHRV Change scores by condition. This figure represents change scores in vmHRV from 

baseline to post-task recovery split by condition.
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Figure 3. 
Moderating effect of trait perseveration on changes in vmHRV. This figure represents the 

moderating effect of trait perseveration on the link between the ST manipulation and 

changes in vmHRV, specifically between the control and explict ST condition (‘ Contrast 2’, 

see Methods). Results showed that those with moderate and higher RRS scores showed the 

greatest decrease in vmHRV from baseline to post-task recovery in comparison to BAs lower 

in RRS scores and in the control group.
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Table 1

Means and standard deviations of all variables by split by experimental condition.

Control Implicit ST Explicit ST Total

n 16 16 11 43

Age, years 20.8 (3.5) 19.9 (1.9) 19.7 (1.5) 20.2 (2.5)

BMI, kg/m2 25.0 (4.4) 26.6 (6.6) 24.5 (3.9) 25.5 (5.2)

HR, bpm 73.6 (7.7) 79.2 (10.4) 72.8 (6.6) 75.3 (8.8)

Trait Perseveration 43.0 (9.9) 42.9 (13.2) 41.7 (11.8) 42.7 (11.4)

Baseline vmHRV 7.02 (0.59) 6.59 (0.86) 6.70 (0.91) 6.78 (0.79)

Post-task vmHRV 7.31 (0.77) 6.59 (0.86) 6.36 (0.83)

 vmHRV 0.29 (.73) 0.01 (.54) −0.35 (.83)

ICG-ACC (%) 96.4 (6.3) 98.1 (2.6) 96.6 (4.4)

ICG-RT (ms) 459 (82) 445.44 (67.62) 468.35 (65.96)

Note: This table shows mean (standard deviation in brackets) values on all variables of interest measures by experimental condition and full sample 
statistics (for baseline variables). Age was calculated in years, heart rate (HR) in beats per minute, Body mass index (BMI) was calculated in 

kg/m2, and vmHRV (lnHF-HRV, see methods) in ms2. Negative vmHRV change scores indicate a decrease in vmHRV. Higher Ruminative 
Responses Scale scores reflect greater trait perseveration. Incongruent accuracy (ICG-ACC) was measured as the percentage (%) of correct 
responses on incongruent trials. Incongruent reaction time (ICG-RT) was measured in milliseconds.
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