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Abstract

Chronic stress has a deleterious effect on prefrontal lobe functioning. Empirical evidence suggests 

elevated vagal tone, indexed by elevated heart rate variability (HRV), mitigates the effect of mental 

stress on frontal lobe function. Here, the mitigating effect of HRV on stress-related decrements in 

cognitive performance is assessed based on information processing speed (DSST), word fluency 

and verbal learning task performance. Artifact free electrocardiogram (ECG) data was analyzed 

from 1420 Hispanic/Latino adults from the Sociocultural Ancillary of the Hispanic Community 

Health Study/Study of Latinos (HCHS/SOL). A 12-lead ECG was used to collect shortterm 

recordings of the root mean square of successive differences in all normal R-peak to R-peak 

intervals (RMSSD) and the change between adjacent beats and the standard deviation of those 

intervals (SDNN) as indices of total HRV. As predicted, an interaction emerged for HRV and 

stress on the task presumed to require the greatest prefrontal lobe involvement, i.e., the DSST. 

After accounting for sociodemographic factors, chronic stress was associated with better DSST 

performance amongst individuals at higher quartile of SDNN, but not RMSSD. The paradoxical 

effect for greater stress exposure on DSST performance may in part be explained by increased 

speed of information processing and decision making often reported in high-stress cohorts. The 

nature of this interaction highlights the importance of examining the relationship between stress 

and cognition across a spectrum of vagal tone.
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1. Introduction

Variability in the length of successive R-R intervals, i.e., heart rate variability (HRV) is a 

clinically-relevant index of the balance in sympathetic and parasympathetic nervous system 

(PNS), i.e., vagal, influence on cardiac pacemaker tissues (Malik, 1996; Shaffer et al., 

2014). While the he root-mean square of differences between adjacent normal RR intervals 

(RMSSD) primarily indexes vagal activity the standard deviation of all normal RR intervals 

(SDNN) reflects primarily parasympathetic and some SNS influences. The index of elevated 

HRV that predominately reflects vagal influences is RMSSD (Cardiology, 1996b; Pumprla 

et al., 2002). This physiological state facilitates afferent feedback to neural structures that 

supports adaptive allocation of resources to manage internal and environmental demands 

(Porges, 1995, 2007). When HRV is probed, during emotional perturbation, high vagal tone 

predicts more flexible regulation of affective responses (Gianaros et al., 2004; Lane et al., 

2001; Lane et al., 2008; Lane et al., 2009; Nugent et al., 2008). Importantly, these studies 

suggest that the flexible allocation of cardioautonomic resources may not only be dependent 

upon parasympathetic influences, but also the appropriate withdrawal of vagal tone.

Not only is elevated HRV conducive to emotional regulation but it is also shown to be 

instrumental in buffering the deleterious effect of stress on cognitive task performance 

(Appelhans and Luecken, 2006). The strongest evidence for the buffering effect of HRV 

during bouts of elevated stress is evident amongst tasks that probe prefrontal lobe function 

(Hansen et al., 2004; Thayer et al., 2012; Thayer et al., 2009; Thayer and Lane, 2000; 

Thayer and Sternberg, 2006). The vast majority of these studies reporting executive 

performance is sensitive to vagal tone have relied upon spectral indices of high frequency 

HRV. However, individual time domain indices of HRV have shown divergent effects 

within time- and between the frequency-domain on measures on executive performance. 

For example, while lower SDNN, was associated with just performing a more cognitively 

demanding task prior to, but not after a physiological stressor, i.e., intense bout of exercise 

(Luft et al., 2009). Another study found individuals with higher RMSSD, but not SDNN 

showed better performance on executive functioning (EF) tasks (Hansen et al., 2003). 

Efforts to elucidate the interactive effect of HRV on executive control tasks extend from the 

laboratory setting and are evident in population data. For example, a population-based study 

of women comparing time and frequency domain found higher SDNN and RMSSD, but 

not high frequency HRV were significantly associated with better performance on cognitive 

tests tapping inhibition, updating, shifting, and psychomotor speed, before adjusting for 

age (Stenfors et al., 2016). As age has a strong influence on HRV some of the divergent 

effects of vagal-mediated HRV are seemingly more apparent. More recently, a study of 24-h 

ECG recording revealed a correlation between SDNN and sympathetic-based frequency 

parameters of HRV, but not vagal-mediated RMSSD and high frequency, were associated 
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with performance on two measures of global cognitive functioning in elderly outpatients 

(Dalise et al., 2020).

Chronic exposure to psychological stress negatively impacts structure and function of the 

neural substrates underpinning several domains of cognitive function (de Souza-Talarico 

et al., 2011; Juster et al., 2010; McEwen, 2008). In addition to executive function (EF) 

several other cognitive domains including episodic memory, visuospatial working memory, 

and attention show decrements with an individual’s cumulative exposure to psychological 

stress (E. Munoz et al. 2015; Peavy et al., 2009; Tschanz et al., 2013; Turner et al., 

2017). It should be noted that African-Americans and Hispanics/Latinos report disparate 

levels of psychological stress (Jackson et al., 2004; McEwen and Gianaros, 2010) and 

age-related cognitive decline (Avison et al., 2007; Díaz-Venegas et al., 2016; Mayeda et al., 

2016; Thoits, 2010; R. J. Turner and Avison, 2003) compared to their non-Hispanic White 

counterparts. However, Hispanics/Latinos are largely underrepresented in studies evaluating 

the role of HRV in stress and cognition. One of the few population-based studies to probe 

the association between HRV and cognitive function in Hispanics/Latinos, albeit in the 

absence of self-reported stress, is the Sacramento Area Latino Study on Aging. Within this 

sample of elderly Central- and Mexican-Americans lower scores on the Mini-Mental State 

exam were found in those with lower resting HRV than their high vagal tone counterparts 

(Al Hazzouri et al., 2014). Although compelling, the association between HRV and mental 

status within this older adult cohort may not generalize to the broader population of 

Hispanics/Latinos residing in the United States.

Given that the diverse ancestry of Hispanics/Latinos contributes to significant intragroup 

variability in cardio-autonomic tone (Kerr et al., 2017), the disproportionate exposure of 

this underrepresented group to psychosocial stress, and work from our group showing 

cognitive function varies as a function of psychological distress (Camacho et al., 2018), 

the current study tested the interactive effect of HRV and cumulative stress exposure 

on three domains of cognitive functioning within a nationally representative of Hispanics/

Latinos. Two specific questions were addressed. First, is the self-reported burden of 

chronic psychological stress associated with performance on tests more dependent upon 

prefrontal lobe functioning? Second, does HRV, indexed by RMSSD and SDNN, mitigate 

the association between chronic stress and cognitive task performance such that at higher 

levels of HRV the effect of stress exposure on cognitive impairment is buffered? Utilizing 

these two indices of HRV will further delineate whether the buffering effects of HRV on 

the effect of chronic stress on cognitive function varies predominately as a function of the 

parasympathetic nervous system.

2. Methods

2.1. Study data

Data were collected as part of a multisite, community-based cohort study, i.e., the Hispanic 

Community Health Study/Study of Latinos (HCHS/SOL). The study used a 2-stage area 

probability sample design that includes clustering, stratification, and probability weighting. 

Detailed sampling methods and discussion of study aims are published elsewhere (LaVange 

et al., 2010; Sorlie et al., 2010). The time frame for HCHS/SOL data collection was 2008 to 
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2011 and included sampling from field centers at 4 major U.S. cities (Bronx, NY; Chicago, 

IL; Miami, FL; and San Diego, CA), with each site recruiting slightly more than 4000 

participants. The HCHS/SOL was approved by institutional review boards at each field 

center, and all participants provided written consent.

2.2. Sociocultural ancillary study

All HCHS/SOL participants who were eligible and able to attend a second visit within 9 

months of their baseline exam (N = 5313) participated in the Sociocultural Ancillary Study 

(SCAS). Methods for the study and a description of the participants as they relate to the 

main HCHS/SOL cohort are described elsewhere (Gallo et al., 2014). During the study, 

participants completed a 1 to 2-hour interview, in their preferred language (either English 

or Spanish), where psychosocial function was assessed. Institutional Review Board approval 

was obtained from all study sites for all HCHS/SOL SCAS procedures, and all participants 

provided written informed consent.

2.3. Exclusion criteria

To ensure the accuracy and quality of the HRV measures, participants without 

electrocardiogram (ECG) data or with poor quality ECG data, who evidenced a visual 

pattern of premature beats, and who had Wolff Parkinson-White syndrome, an atrial 

flutter or a Wenckebach pattern were excluded form analysis in this study. In addition, 

to be consistent with published recommendations for HRV measurement and interpretation 

individuals with artificial pacemakers, or individuals who reported taking calcium channel 

blockers, beta blockers, heart failure medication, antiarrhythmic or abnormal heart rhythm 

medication were excluded from our analyses (Cardiology, 1996a). Our analyses are based on 

data from 1420 participants who did not meet exclusion criteria (see Fig. 1).

2.4. Neurocognitive tests

We use a battery of well-established measures, as described below, to assess cognitive 

function. The neurocognitive tests were administered in the participants’ preferred language 

during face-to-face interviews by study staff who were trained and supervised by doctorate-

level, licensed, clinical neuropsychologists. With the exception of the B-SEVLT, which 

was originally developed for both English and Spanish use, the neurocognitive tests were 

translated from English to Spanish and back-translated from Spanish to English. All tests 

were administered following published recommendations and procedures (Lezak, 2004). 

Higher scores on all tests indicate better performance.

Digit Symbol Substitution test (DSST), a subtest of the Wechsler Adult Intelligence Scale-

Revised, was administered to assess to measure processing speed and executive processes. 

Participants were asked to accurately translate digits (i.e., 1–9) into symbols using a key 

in a 90-second interval. The total number of accurate responses served as the dependent 

measure (Davis and Pierson, 2012). A host of processes employed in this task (e.g., 

scanning, matching, switching, and writing operations), are reflective of several higher 

cognitive functions including encoding and retrieval processes, decision making, as well as 

transformation of information stored in active memory (Bettcher et al., 2011; Salthouse, 
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1992). The DSST is shown to have a test-retest reliability from 0.82 to 0.88 (Matarazzo and 

Herman, 1984).

An abbreviated Controlled Oral Word Association (COWAT or Word Fluency; WF) Test was 

administered to assess verbal fluency (Lezak, 2004). Participants were instructed to orally 

generate as many unique words beginning with the letters F and A within 60 s for each letter 

stimulus. In the original WF task the letter S also serves as a stimulus; however, this letter 

was omitted because the similar sound of this letter to C in the Spanish language may be a 

source of language bias. Participants were asked to refrain from responding with conjugated 

words and proper nouns. The sum of correctly generated words with both letters served 

as the dependent measure. The WF test is reported to have a test-retest reliability of 0.79 

(Cohen and Stanczak, 2000).

An abbreviated version of the Spanish English Verbal Learning Test (B-SEVLT) was 

administered to assess auditory verbal learning and memory (González et al., 2002; 

González et al., 2001). Three fixed learning trials of the B-SEVLT were administered 

(List A) prior to a 15-item distractor (List B) where participants were prompted to repeat 

aloud each word on the list in order to induce cognitive interference. Immediately following 

the distractor trial participants performed a short-delayed free-recall trial for List A. The 

dependent measures were the summed total number of List A items correctly recalled 

across the three learning trials (B-SEVLT_3Trials) and total from the delayed recall trial 

(B-SEVLT_Recall).

2.5. Chronic stress

Chronic stress burden was evaluated with an 8-item scale that assesses the number of current 

ongoing problems lasting 6-months or greater in major life domains, including: finance, 

work, relationship, health problems in self or close other, drug or alcohol problems in close 

other, caregiving, and other chronic stressors. Each domain was measured with a single 

item that determined presence, chronicity, and severity of the stressor. Participants indicate 

whether they experienced ongoing stress and if yes, 1) whether this stress persisted for 

6 months or longer and 2) whether the situation was not very stressful (“1”), moderately 

stressful (“2”), or very stressful (“3”). A summary score (range 0 to 8) is generated that 

reflects presence, chronicity, and severity of the stress in the last six months’ duration 

that participants perceived to be moderately or very stressful. The total represents a count 

of stress in various life domains that may be unrelated. Thus, alpha coefficient estimates 

are not appropriate. However, this measure has been shown to correspond with indices of 

psychological distress when used in multi-ethnic cohort studies (Shivpuri et al., 2012; Troxel 

et al., 2003).

2.6. Heart rate variability

A standard 12-lead ECG was used to record 10 s epoch HRV at rest following a standardized 

protocol wherein participants were laid supine, asked to breathe freely, and refrain from 

talking. Electrodes were placed using a chest electrode locator by trained study personnel 

(Rautaharju et al., 1976). ECG data was recorded using the GE MAC 1200 electrograph 

(GE, Milwaukee, Wisconsin) with a 10 mm/mV calibration at a speed of 25 mm/s. All ECG 
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data was centrally processed using the GE 12-SL Marquette Version 2001 (GE, Milwaukee, 

Wisconsin) at the Epidemiology Cardiology Research Center (EPICARE; Wake Forest 

School of Medicine, Winston Salem, NC). Data collected from all 12 leads were used to 

derive HRV based on an algorithm for ultra-short term recordings of the mean square of 

successive differences in all normal R to R intervals (RMSSD) as a marker of the degree 

RR interval changes between adjacent beats RMSSD (ms) = {[∑nj = 1(RRj + 1 − RRj)2] / 

n}0.5 and the standard deviation (SDNN) of all normal to normal R to R intervals as an index 

of total HRV, SDNN = (ms) = {[∑nj = 1(RRmean − RRj)2] / (n − 1)}0.5. The agreement 

between the gold standard 5-minute calculation of RMSSD and SDNN with ultra-short, i.e., 

10-s, 30-s and 120-s recordings suggests high validity of these measures (M.L. Munoz et al., 

2015). The correlation between RMSSD and SDNN was positive and significant (r = 0.879, 

p < .001).

2.7. Covariates

Based upon recommendations for neurocognitive assessment in general epidemiological 

research (Association, 2012) and further building on previously published neurocognitive 

research using HCHS/SOL data (González et al., 2014), sociocultural variables that are 

presumed to be associated with neurocognitive performance were accounted for. Age was 

measured as a continuous variable. Sex was measured dichotomously (0 = man; 1 = 

woman). Education was included as a three-category indicator (0 = less than high school; 

1 = high school or equivalent degree; 2 = more than high school). Household income was 

included as a ten-category indicator ranging from <$10,000 to >$100,000. Nativity was 

included as a two-category indicator characterizing individuals born outside or in the U.S. (0 

= U.S.; 1 = Outside the U.S.). For those born outside the U.S., analyses adjusted for years 

lived in the U.S. The participating center (Bronx, Chicago, Miami, San Diego) was a 4-level 

categorical variable and Hispanic/Latino background was a seven-level categorical indicator 

(Mexican, Cuban, Puerto Rican, Dominican, Central American, South American, other or 

more than one).

2.8. Statistical analysis

Linear regression models were estimated using the SAS SURVEYREG procedure, 

accounting for the sampling weights and the clustering and stratification design features. 

Each of four cognitive measures- DSS, WF, B-SEVLT-3Trials, and B-SEVLT-Recall - was 

specified as the outcome variable in separate models. For each outcome, the model included 

the aforementioned covariates, chronic stress, one indicator of HRV at a time, and the 

interaction between chronic stress and the HRV indicator. Unstandardized parameters and 

confidence intervals were estimated. All analyses were conducted using SAS version 9.4.

3. Results

3.1. Descriptive results

The mean age of our sample was 55 years (SD = 7 years), with 54% of the sample being 

female, and 42% who reported more than a high school education. The breakdown by 

background group was as follows: Dominican = 10%, Central American = 7%, Cuban = 

27%, Mexican = 32%, Puerto Rican = 15%, and South American = 8%. Only 9% of the 
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sample was born in the U.S and 51% had an annual household income of less than $20,000. 

The mean number of chronic stressors endorsed by the sample was 8, demonstrating high 

levels of stress. Finally, the means (SD) for HRV and cognitive function variables in our 

sample were as follows: RMSSD = 27.61 (19.43); SDNN = 24.07 (16.28); DSS = 35.04 

(12.75); WF = 18.95 (7.12); B-SEVLT-3Trials = 22.75 (5.66); B-SEVLT-Recall = 8.27 

(2.88).

3.2. Associations of chronic stress, HRV, and cognitive function

In the analytic subsample (n = 1420), several covariates were significantly associated 

with cognitive function. Surprisingly, chronic stress was not significantly associated with 

performance on any of the four cognitive function measures (DSST, -SEVLT-3Trials, or 

-SEVLT-Recall, or WF) in their respective models: DSST (b = 0.26, 95% CI −0.69–1.21, 

p = .59), B-SEVLT-3Trials (b = 0.30, 95% CI −0.32–0.93, p = .34), B-SEVLT-Recall: (b = 

0.21, 95% CI −0.18–0.60, p = .29). A trend was found for WF (b = 0.44, p = .07, 95% CI 

−0.03–0.91).

With regard to HRV measures, neither RMSSD nor SDNN were significantly associated 

with DSST or SEVLT-Recall in their respective models: DSST [RMSSD (b = 0.02, 95% 

CI −0.02–0.06, p = .32); SDNN (b = 0.04, 95% CI −0.01–0.10, p = .11)]; SEVLT-Recall: 

[RMSSD (b = 0.00005, 95% CI −0.008–0.008, p = .99); SDNN (b = 0.001, 95% CI −0.009–

0.01, p = .78)]. In contrast, both HRV measures were significantly associated with WF and 

B-SEVLT-3Trials in their separate models: WF [RMSSD (b = 0.03, 95% CI 0.01–0.05, p = 

.01); SDNN (b = 0.05, 95% CI 0.02–0.07, p = .001)]; B-SEVLT-3Trials: RMSSD (b = 0.03, 

95% CI 0.01–0.05, p = .01); SDNN (b = 0.04, 95% CI 0.02–0.06, p < .001).

Strength of the association of each IV with performance for each task set was computed 

using Type II semi-partial correlation that reflects proportion of unique variance controlling 

for all other predictors in the model. Younger age, female sex, high school or greater 

education, higher income, U.S. born, and years in the U.S. were all significantly associated 

with better performance on the DSST (all ps < .05) in models that also included either 

RMSSD or SDNN. There were also background and center differences, as previously 

explored (Gallo et al., 2014). The full model, consisting of covariates, an HRV measure, 

and the chronic stress variable, explained nearly 40% of the variance in DSST scores. In 

contrast, in the WF models, only education and income were significantly associated with 

performance on WF (all ps < .05). The full model explained 22% of the variance in WF. 

In the SEVLT_3Trials model, age, sex, education, and income, were significant predictors 

(p < .05) and the full model explained 24% of the variance. Lastly, age, sex, education, and 

income were associated with SEVLT_Recall (p < .05), wherein 20% of the variance was 

explained. Table 2 displays there were no significant correlations between the continuous 

control variables and indices of RMSSD and SDNN. Not included in Table 2 were the 

categorical variables, including: nativity, background group, gender, education, income and 

center. For these variables, ANOVAs were performed yielding nonsignificant associations 

(ps > .05).
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3.3. Interactions between chronic stress and HRV on cognitive function

With respect to our EF measure (DSST), the interaction between chronic stress and HRV 

was significant for both measures of HRV (Fig. 2). Estimates for RMSSD and SDNN, 

respectively, were b = 0.04 (95% CI 0.005–0.067), p = .02 and b = 0.057 (95% CI 0.010–

0.104), p = .017. Table 1 shows the simple slopes for the association between chronic 

stress and DSST performance at each HRV quartile. For individuals at the highest quartile 

of RMSSD and SDNN the association between chronic stress and DSST performance 

became positive and significant (p < .001). Amongst those at the lowest HRV quartiles the 

association between stress and DSST was negative and significant (ps .03 to <.0001). With 

regard to other cognitive function measures, the interaction between chronic stress and HRV 

was not significant for WF (ps > .19), B-SEVLT-3Trials (ps > .64), or B-SEVLT-Recall (ps 

> .98). When analyzing metrics of HRV that are heavily influenced by respiratory sinus 

arrhythmia methodological considerations should be taken into account that may lead to 

discrepant findings and misinterpretation of data (Lewis et al., 2012). Most germane to 

the current study is ensuring that distributions of the measures conform to the assumption 

of normality. Upon transforming both HRV measures the chronic stress association with 

performance on the DSST was significantly moderated by the log transform of both SDNN b 

= 1.67 (95% CI 0.63–2.70), p = .0016 and RMSSD b = 2.13 (95% CI 0.67–3.60), p = .0043.

4. Discussion

In this subsample of Hispanic/Latino participants from the HCHS/SOL, the mitigating effect 

of HRV was tested for what was expected to be a negative association between stress and 

performance on a complex attention task requiring executive control. This inverse effect for 

stress exposure on DSST performance was largely obscured by sociodemographic variables 

that explained a large percentage of the variance in cognitive performance. These findings 

are consistent with extant literature in Hispanics/Latinos showing cognitive performance 

covaries with socioeconomic status (Haan et al., 2011; E. Munoz et al., 2015; Peavy et al., 

2009; Tschanz et al., 2013; Turner et al., 2017; Zeki Al Hazzouri et al., 2011) and nativity 

outside the U.S. (Garcia et al., 2018; Haan et al., 2011; Hill et al., 2012; Sheffield and Peek, 

2009; Weden et al., 2017). Nonetheless, a paradoxical effect was observed between stress 

exposure and DSST performance such that at higher SDNN greater stress was associated 

with more correct responses suggesting a buffering effect for vagal tone on the effect of life 

stressors on cognitive performance.

The DSST is widely regarded as an index of processing speed that requires coordination 

amongst a wide range of cognitive operations including attention, visuospatial perception 

and fine motor control (Lezak et al., 2004). Associative learning of stimulus pairings may 

enhance performance since there is less need to refer to the key to verify accuracy pairings. 

The decision to learn, hold and update symbol-digit pairings continuously during the task 

requires executive capabilities such as working memory, planning and strategizing (Jaeger, 

2018; Jurado and Rosselli, 2007). In support of the executive bases of DSST performance 

both functional magnetic resonance imaging and near-infrared spectroscopy studies support 

the role of frontal lobes in performance speed (Nakahachi et al., 2008; Venkatraman et al., 

2010). These studies suggest that although the DSST is widely considered a direct measure 
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of processing speed faster performance on the task can be attributed to associative learning 

and efficient frontal lobe functioning.

A number of studies support the executive bases of what was a positive trend observed 

between SDNN and performance on the DSST. Empirical evidence commensurate with 

a positive effect for vagal-mediated HRV on enhanced working memory, updating, and 

complex attention is compelling (Hansen et al., 2004; Hansen et al., 2003; Thayer et al., 

2009). Findings from a cohort of young adults from Spain showed greater decrements 

in working memory performance amongst those with lower HRV indexed by RMSSD 

(Luque-Casado et al., 2016). In a population-based study a positive association for SDNN 

and RMSSD on a composite measure of EF indexed by response inhibition, updating, set-

shifting and psychomotor speed was found before adjusting for sociodemographic variables 

(Stenfors et al., 2016). Elevated HRV has also been linked to cognitive control on an 

interference task (Matthews et al., 2004). A cognitive process that might underlie this 

positive association found between SDNN and DSST observed in the current study is action 

cascading. Described as the ability to cope with multiple response options when confronted 

with an assortment of task goals action cascading is integral to performance on complex 

attention task such as the DSST. Indeed, superior action cascading ability is found in healthy 

adults with greater HRV (Colzato and Steenbergen, 2017). An alternate explanation of our 

data would implicate the vagal tone as a primary mediator of frontal lobe perfusion during 

working memory task performance (Gianaros et al., 2004).

The paradoxical effect of stress exposure on more efficient DSST performance amongst 

individuals with higher cardiac vagal control is difficult to reconcile considering the 

immense body of literature supporting a negative effect for stress exposure on cognitive 

function, particularly in the EF domain (Shields et al., 2016; Ohman et al., 2007). The 

theory of a non-linear relationship between an individual’s level of stress arousal and 

their performance on a cognitive task has been documented for over a century and further 

suggests stressors may induce shifts, lapses and narrowing of attention (Mendl, 1999; Yerkes 

and Dodson, 1908). Under high levels of stress arousal these adaptations may allow for 

a decision to be made before all relevant information has been assimilated, thus resulting 

in increased speed of information processing. Indeed, decision-making processes on the 

DSST are performed with greater speed amongst individuals reporting elevated levels 

of accumulated life stress (Friedel et al., 2017; Keinan, 1987). Although this behavioral 

speeding of the clock is typically error-prone individuals exhibiting greater prefrontal lobe 

activity during the DSST show less trade-off in speed to accuracy decrement than those 

showing frontal hypoactivity (Venkatraman et al., 2010; Yuan et al., 2013). In this same vein 

our findings at the higher levels of HRV can be interpreted as a biomarker of prefrontal 

lobe function and ultimately resilience to stress (Thayer et al., 2012; Thayer et al., 2009). 

In other words, amongst individuals with the greatest stress exposure, increased speed 

of information processing has an interactive effect with vagal-mediated prefrontal lobe 

function that contributes to a paradoxical effect for chronic stress on DSST performance. 

Other studies are in support of the interaction between chronic stress exposure, vagal tone 

and executive processes. A recent study comparing working memory ability to HRV in 

adults reporting high levels of life stress found better task performance amongst those with 

elevated vagal tone (Giuliano et al., 2017). Similarly, at higher levels of HRV, a paradoxical 
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effect for psychological stress on inhibitory control was found in children with a history of 

maltreatment (Giuliano et al., 2018).

In lieu of a direct association between HRV and DSST performance an effect did emerge 

for word fluency. The finding of an association between HRV and performance on the word 

fluency as well as the learning & memory domain is novel and conflicts with a previous 

report comparing the mean circular resultant of R-R intervals with indices of word fluency 

and learning and memory (Al Hazzouri et al., 2014). Rather, this study of elderly Mexican 

Americans found a positive association with a global measure of cognitive functioning. 

Although vagal tone was presumed to most closely align with tasks involving prefrontal 

lobe functioning, i.e., DSST, other tasks may also tap this substrate when cognitive reserves 

are sufficiently taxed (Lupien et al., 2009). For example, functional neuroimaging studies 

suggest frontal lobe activity incurred during an English-Spanish language fluency task is 

commensurate with that evinced during task switching, cognitive set-shifting and other 

executive processes (De Baene et al., 2015; Declerck and Philipp, 2015). This effect may 

be culturally-specific to bilinguals given the absence of an effect for HRV on verbal fluency 

amongst predominately non-Hispanic Whites from the Whitehall study (Britton et al., 2008).

4.1. Limitations

The decision to exclude individuals based upon the detection of arrhythmias on the 

electrocardiogram and use of antiarrhythmic drugs (Fig. 1) is based upon standards of 

measurement, physiological interpretation, and clinical use recommended by the Task Force 

of The European Society of Cardiology and the North American Society for Pacing and 

Electrophysiology (Cardiology, 1996a, 1996b). As a result, over 70% of the sample was 

excluded due to medication or visually flagged issues in the electrocardiograph. Given 

the utilization of the ultra-short measure of HRV in the absence of the longer (≥5 

min) recommended epochs (Cardiology, 1996a) these exclusionary criteria were deemed 

appropriate. Ultra-short HRV measures are shown to produce valid indices of HRV that 

are highly reproducible, particularly in the temporal domain (Baek et al., 2015; Bruyne 

et al., 1999; Salahuddin et al., 2007; Schroeder et al., 2004). Moreover, ultra-short HRV 

measures are increasingly used to monitor mental stress in mobile settings (Castaldo et al., 

2015; Salahuddin et al., 2007). However, a caveat that should be noted is that the SDNN 

marker does not allow one to fully distinguish whether changes in HRV are incurred due to 

increased vagal tone of withdrawal of sympathetic influence (Niskanen et al., 2004; Novais 

et al., 2004). Because our ultrashort recordings of HRV reflect both parasympathetic and 

sympathetic influences, the specific mechanisms that lead to a buffering effect for stress on 

cognition remains unclear. With regards to the main outcome measures, the DSST has been 

considered a measure of controlled attention and processing speed; however, this task is also 

shown to tap the EF sub-domains of inhibition, shifting and updating, particularly in older 

adults (Albinet et al., 2012; Baudouin et al., 2009). Although the current study provides 

strong support for the mitigating effect of HRV on the relationship between stress and 

cognition, particularly for prefrontal lobe function, it is also possible that HRV is but a proxy 

for other indices of cardiovascular health (e.g., cardiorespiratory fitness, metabolic and 

vascular endothelial function) that contribute to cognitive decline in older age (Knopman 

et al., 2001; Leritz et al., 2011; Müller et al., 2017; Ng et al., 2014). Given the extensive 
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associations observed between age and both the cognitive and autonomic variables future 

studies should aim to elucidate whether age may mediate the associations of these variables.

5. Conclusions

The current findings suggest that at higher levels of HRV, there is a paradoxical association 

between the incidence of life stress and information processing speed. This supports 

the transdiagnostic account of cardiovagal tone as a marker of prefrontal lobe function 

(Beauchaine and Thayer, 2015; Thayer et al., 2009). The inverse effect for stress on 

processing speed observed at lower HRV quartiles is corresponds with the majority of 

extent neurocognitive research.. Thus, this study highlights the importance of examining 

these stress-cognition relationships across the spectrum of HRV. Because this study excluded 

individuals not identifying as Hispanic/Latino, it is unclear whether this phenomena is 

unique to this population. U.S. Hispanics/Latinos have very diverse ancestry ranging 

from European to African (Bryc et al., 2010), thus a tremendous ammount of intragroup 

variability in racial background is evidenced within this cohort. As to the question of 

whether genetic ancestry plays a role in these findings, a recent multi-cohort study 

examining single nucleotide polymorphisms from the HCHS/SOL, Multi-Ethnic Study 

of Atherosclerosis, and Women’s Health Initiative Hispanic Research project revealed a 

common variant for RMSSD and SDNN in those Hispanics/Latinos with European ancestry 

(Kerr et al., 2017). Given the established effects for established cardiometabolic (Meyer 

et al., 2016) and genetic risk factors (Kerr et al., 2017) in predicting ultrashort indices of 

HRV amongst Hispanics/Latinos a more integrated allostiatic model is needed to properly 

understand buffering mechanisms for the effect of chronic stress burden on neurocognitive 

outcomes in this population.
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Fig. 1. Exclusion criteria table.
Note: Study flow chart showing the number of cases removed from the initial sample due to 

medication and electrocardiogram abnormality exclusionary criteria.
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Fig. 2. Association between chronic stress and DSST performance based on HRV quartile.
Note: HRV quartile difference in the association between high and low levels of chronic 

stress and performance on the DSST.
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Table 1

Interaction of chronic stress and performance on the Digit Symbol Substitution Test (DSST) at each HRV 

quartile.

HRV
quartile

RMSSD SDNN

Q1 −1.37 (−2.62 to −0.11) p = .03 −1.43 (−1.89 to −0.96) p <.001

Q2 −1.76 (−2.34 to −1.18) p <.001 −0.06 (−1.79 to 0.52) p = .28

Q2 0.48 (−0.28 to 1.24) p = .22 0.97 (−0.29 to 2.23) p = .97

Q4 1.88 (1.08 to 2.68) p < .001 1.68 (0.94 to 2.43) p < .001

Note: Estimates, 95% confidence intervals and p-values for the interaction with chronic stress on DSST for each HRV quartile (N = 1420). At 
the highest quartile of RMSSD and SDNN the association between chronic stress and DSST performance became positive and significant. At the 
lowest HRV quartiles the association between stress and DSST was negative and significant (ps .03 to <.0001).
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Table 2

Correlations between continuous control variables and HRV.

Variable RMSSD SDNN

Age −0.10* −0.05

Years in U.S. −0.02 −0.04

Chronic stress 0.01 0.02

Note: Non-significant associations between the categorical demographic variables: (nativity, background group, gender, education, income and 
center), not included.

*
p < .05.

Int J Psychophysiol. Author manuscript; available in PMC 2022 March 14.


	Abstract
	Introduction
	Methods
	Study data
	Sociocultural ancillary study
	Exclusion criteria
	Neurocognitive tests
	Chronic stress
	Heart rate variability
	Covariates
	Statistical analysis

	Results
	Descriptive results
	Associations of chronic stress, HRV, and cognitive function
	Interactions between chronic stress and HRV on cognitive function

	Discussion
	Limitations

	Conclusions
	References
	Fig. 1.
	Fig. 2.
	Table 1
	Table 2

