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Abstract

Purpose of the Review In the present paper, we overview emerging research examining the autonomic nervous system (ANS),
especially the parasympathetic nervous system as indexed by heart rate variability (HRV), and the impact of psychosocial factors
on hypertension-related disease in African Americans.

Recent Findings A growing corpus of studies has shown that (1) usual patterns of compensatory sympathetic-parasympathetic
regulation differ between African Americans and European Americans; (2) despite their enhanced cardiovascular disease risk
profile, African Americans tend to exhibit higher HRV relative to European Americans; and (3) racial discrimination and other
forms of psychosocial stress are associated with diminished HRV among African Americans.

Summary Significant disparities in hypertension-related disease exist such that African Americans have greater risk. The under-
lying factors associated with this increased risk are, to date, not fully understood. The present review provides evidence for a
unique pattern of ANS regulation in African Americans and shows that psychosocial factors such as racial discrimination may
contribute to this paradoxical situation.
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Introduction

Hypertension is one of the leading risk factors for cardio-
vascular disease morbidity and mortality [1]. Importantly,
significant ethnic differences exist such that African
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Americans have the highest prevalence of hypertension
globally [2] as well as increased hypertension-related dis-
ease burden for both cardiovascular and non-
cardiovascular diseases [3, 4]. African Americans also de-
velop hypertension at an earlier age, have a differential
developmental trajectory of high blood pressure, have
higher average blood pressure, and worse prognosis com-
pared to their European American counterparts [5, 6].
Despite decades of research, ethnic differences in hy-
pertension persist without much insight into the causes
for this disparity. These disparities appear to persist
even after adjustment for many socioeconomic, behav-
ioral, and biomedical risk factors. The autonomic ner-
vous system (ANS) has been implicated in hypertension
with elevated sympathetic nervous system (SNS) activity
and decreased parasympathetic nervous system (PNS)
activity associated with the etiology, course, progres-
sion, and consequences of hypertension [7]. The present
paper reviews the role of the ANS in hypertension and
related diseases with special emphasis on ethnic differ-
ences and the potential role of psychosocial factors.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11886-019-1100-5&domain=pdf
mailto:Thayer.39@osu.edu

15 Page2of9

Curr Cardiol Rep (2019) 21: 15

Taking A Closer Look at Autonomic (Im)
Balance

Autonomic nervous system dysfunction has long been consid-
ered an important pathophysiological mechanism underlying
cardiovascular disease (CVD) risk, especially hypertension.
Indeed, the etiology of hypertension has been characterized
in terms of autonomic imbalance, wherein central and periph-
eral activity of the sympathetic branch of the ANS is height-
ened while activity of the parasympathetic branch is dimin-
ished [7, 8]. The relative sympathetic dominance observed in
hypertension has been further described as a pattern of “hy-
perkinetic” circulation [9], in which, initial elevations in blood
pressure (BP) are driven by predominately central mecha-
nisms (i.e., increased heart rate and cardiac output). Over time,
this heightened central drive shifts to become more peripheral
in nature, with sustained elevations in BP maintained through
elevated systemic vascular resistance (SVR). Mean arterial
pressure (MAP) is a function of cardiac output (CO), which
is stroke volume (SV) times heart rate (HR), and SVR. The
ANS and baroreflex mediate this relationship such that greater
PNS activity including lower HR is associated with lower
MAP and SVR. To maintain MAP at a constant level, in-
creases in SVR must be offset by decreases in CO and HR.
When increases in SVR are not compensated by decreased
CO and HR, then MAP increases.

SNS-mediated vascular dysfunction has been proposed as
the predominant mechanism underpinning the higher burden
of hypertension among African Americans [10-12]. Indeed,
several lines of evidence provide converging support for this
view including observations that African Americans tend to
exhibit elevated SVR in early-stage hypertension, as well as
greater levels of SVR at similar levels of BP, relative to
European Americans [13—15]. SVR also has been shown to
play a stronger role in diurnal BP regulation among African
Americans relative to European Americans [16]. Moreover,
recent evidence has further shown that the well-known non-
dipping phenomenon in nighttime BP, which is also more
common among African Americans and is associated with
elevated CVD morbidity and mortality risk, also is character-
ized by a corresponding blunted decline in nighttime SVR
[17]. Importantly, research examining the role of psychosocial
stress in CVD risk has consistently revealed that African
Americans tend to exhibit exaggerated or enhanced vasocon-
strictive, and/or impaired vasodilatory responses to a range of
behavioral and psychological stressors [14, 15]. Psychosocial
stress including hostility and past experiences of racial dis-
crimination have further been linked to enhanced alpha- and
blunted beta-adrenergic receptor sensitivity, respectively,
among African Americans providing further support for the
view that SNS-mediated mechanisms play an important role
in hypertension and CVD etiology and progression among
this group [18, 19].
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Given such consistent evidence regarding the role of the
SNS, it is not entirely surprising that parasympathetic function-
ing among African Americans has been relatively overlooked.

Heart rate variability, commonly defined as variations in
time in the interval between consecutive heart beats (i.e.,
inter-beat of RR intervals), is regarded as an important marker
of autonomic nervous system functioning, and particularly, of
parasympathetic (i.e., vagal) influence on the heart.
Importantly, lower HRV, reflecting minimal or limited fluctu-
ations in heart rate from one beat to the next, is an established
risk factor for cardiovascular and all-cause mortality, and has
been independently linked to established CVD risk factors
including age, obesity, smoking, total and low density choles-
terol, positive family history of CVD, and diabetes [20].
Recently, in a large sample of European men and women,
HRV was inversely associated with four cardiovascular dis-
ease risk scores including the Hard Coronary Heart Disease
Framingham score [21]. Low HRV also has been shown to
predict hypertension onset [22] and is inversely associated
with target organ damage including left ventricular hypertro-
phy [23-26] which also occurs more commonly among
African Americans relative to European Americans [27-30].

Indeed, based on their well-documented greater CVD risk
profile, as well as established associations of lower HRV with
heightened CVD morbidity and mortality risk, it has been sug-
gested low HRV may represent an additional significant path-
way underlying the excessive CVD burden faced by African
Americans [31]. In contrast to this notion, findings have
emerged which demonstrate that African Americans may si-
multaneously exhibit both elevated SVR and higher HRV
[32] relative to European Americans, a pattern which has been
termed the “Cardiovascular Conundrum” [33e, 34]. Whereas
the elevated SVR is consistent with the known increased risk
in African Americans, the elevated HRV should be
cardioprotective. In the remainder of this article, we will over-
view research examining relative ethnic differences in HRV,
primarily between African Americans and European
Americans, as well as research examining the impact of unique
and common forms of psychosocial stress on HRV among
African Americans. We will close with a discussion of candi-
date mechanisms which may offer further insights into this
potential alternate pattern of autonomic-hemodynamic regula-
tion as well as important recommendations for future research.

Ethnic Differences in Heart Rate Variability

While consistent research examining ethnic differences in
HRYV has only emerged within the last decade, there has been
some previous evidence indicating higher HRV among
African Americans relative to European Americans. For ex-
ample, a 1995 investigation conducted in a randomly selected
subsample of middle-aged (age range 45—64) adults (N>
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1900), from the Atherosclerotic Risk in Communities (ARIC)
study, observed that African Americans exhibited higher HRV
relative to European Americans, in models adjusted for both
age and gender [35]. A later study reported findings in a sub-
sample of adolescent males drawn from the Bogalusa Heart
Study [36]. Notably, these researchers examined ethnic differ-
ences in autonomic responses to several laboratory stressors
(i.e., Valsalva maneuver, cold pressor). Although they exhib-
ited higher resting and ambulatory blood pressure, African
American adolescent males also displayed higher HRV rela-
tive to European American adolescent males in this study
[36]. Another study also reported higher HRV among
African Americans relative to subsamples of European,
Hispanic, and Chinese Americans in the Multi-Ethnic Study
of Atherosclerosis (MESA) sample [37].

Other research has indicated that African Americans
exhibit lower HRV relative to European Americans and
other groups. For example, a study comprised of an all-
male sample found that young, healthy, African
American men exhibited significantly lower HRV com-
pared to an age-matched group composed of European,
Hispanic, and Asian American men [38]. Another inves-
tigation conducted in a middle-aged (mean age=48 +
17 years) outpatients undergoing 24-h heart rate moni-
toring observed lower HRV among African Americans
compared to age-matched European Americans [31]. In
addition, a later analysis of a subsample from the ARIC
study found African Americans to exhibit lower HRV, a
pattern consistent with levels observed among older
European American participants [39]. Still, other re-
search has observed no differences in HRV between
African and European Americans [40—42].

To begin to address these mixed findings, we conducted a
meta-analysis of the available studies examining ethnic
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Fuller-Rowell etal. 2013 0.522 (0.368, 0.677) -
Gutin etal.a 2005 0.488 (0.182, 0.794) —.—
Gutin etalb 2005 0,593 (0.246, 0.941) -
Halletal. 2013 5.286 (4.787, 5.785) : —
Heffernan etal. 2009 0.255 (-0.338, 0.848) ———
Hinnant etal. 2010 0.188 (0117, 0.494) -
Lietal.a 2009 0061 (-0.337, 0.216) ——
Lietal.b 2009 0.152 (~0.135, 0.438) m
Liao etal.a 1995 5.365 (5.003, 5.727) : —-
Liao etal.b 1995 -1.558 (-1.805, -1.311) —m— :
Liao etal.c 1995 4.786 (4415, 5.156) ' —a
Liao etal.d 1995 4484 (4114, 4.854) : ——
Ohira etal. 2008 1.555 (1.485, 1.625) . |
Propper etal. 2008 0.622 (0.286, 0.959) —a
Salomon.a 2005 0.641 (0073, 1.210 ——
Salomon.b 2005 0.181 (~0.374, 0.737) ——
Salomon.c 2005 0.226 (-0.603, 1.055) —
Salomon.d 2005 0.043 (-0.758, 0.843) _—
Sloan etal.a 2008 0.228 (0084, 0.372) -
Sloan etal.b 2008 0.100 (-0.044, 0.243) » :
Wang etal.a 2005 0.294 (0.004, 0.585) e
Wang etal.b 2005 0.262 (-0.029, 0.553) .
Zion etal. 2003 -0.718 (-1.236, —0.200) ——
Overall (1"2=09% , P< 0.001)  0.933 (0.252, 1.615) _—
r T T T T ]

Bl 4 H

1 2 3
Standardized Mean Difference

differences in HRV [33¢]. In a sample spanning 17 pub-
lished studies and over 11,000 participants, we observed a
consistent effect indicating higher HRV among African
Americans compared to European Americans.
Importantly, the magnitude of this difference equated to
nearly one standard deviation, Hedges’ g=0.93, 95% CI
(0.25-1.62), and remained robust even accounting for the
potential influence of age, sex, and health status (see Fig. 1).
Other research has further demonstrated that this phenome-
non also may be present among other cultural groups.
Notably, researchers recently observed a similar pattern of
ethnic differences in HRV in a large sample (N =11,989) of
Brazilian civil service employees [43+]. Consistent with na-
tional census approaches in Brazil, participants in this study
self-identified as either Black, Brown, or White.
Intriguingly, participants who self-identified as Black
had higher HRV than both Brown and White participants,
while Brown participants also exhibited higher HRV rel-
ative to White participants. In addition to being consistent
with the overall pattern observed in the earlier meta-anal-
ysis, this pattern of findings is notable because Black and
Brown individuals in Brazil face a similar cardiovascular
disease and mortality burden, as well as experience simi-
lar adverse social conditions as African Americans in the
USA. In fact, these differences in HRV were attenuated
when exposure to discrimination was added to the models.
Importantly and consistent with the elevated vascular re-
sistance, the Blacks in this sample had higher levels of
hypertension relative to Browns and Whites, and Browns
had higher levels of hypertension relative to Whites. As
we discuss below, psychosocial stress, and particularly,
race-related stress such as experiences of racial discrimi-
nation may be uniquely associated with HRV among
African Americans.
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Fig. 1 Forest plot of effect size estimates (g) obtained from studies examining Black-White ethnic differences in resting-state vagally mediated heart rate
variability (reprinted with permission from Hill et al. Psychosomatic Medicine, 2015;77(1):16-25. Copyright 2015 by Wolters Kluwer) [33¢]
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Psychosocial Stressors and Heart Rate
Variability

Socioeconomic Factors

Autonomic dysfunction has been characterized as one poten-
tial mechanism linking lower socioeconomic status (SES) to
racial disparities in health [44-47]. There is growing evidence
that low SES is associated with lower basal HRV [46], as well
as impaired recovery in HRV following stressful tasks [45,
48]. For example, Fuller-Rowell and colleagues examined
race- and age-related differences in basal HRV and the change
in HRV following a laboratory stressor (i.e., mental arithmetic
and Stroop task) task in African and European American par-
ticipants from the Midlife in the United States (MIDUS) study.
These researchers found that HRV reactivity, the change in
HRYV during the stressor, decreased more rapidly with increas-
ing age and that this pattern was more pronounced among
African Americans. Importantly, a similar trend was observed
for SES such that individuals with lower SES also exhibited
less reactivity with increasing age, and SES was shown to
partially account for the race difference in HRV reactivity.
These findings provide support for a link between SES and
HRYV but also suggest that this relationship may vary as a
function of age, race, and assessment condition (i.e., stressful
versus non-stressful). Whereas low SES has previously been
linked to impaired HRV recovery following a stressful task
among Europeans in the Whitehall II cohort [49], a recent
study observed a negative association between adulthood
SES and HRV following as stressor in 246 African
American and European American men followed since 1988
as part of the Pittsburgh Youth Study [44]. This latter finding
raises the possibility that the association between SES and
both resting and stress-related HRV may be more nuanced
and warrants further study.

Racial Discrimination

The ANS has been described as the “first line of defense” in the
stress response [50], and researchers have long suggested that
the ANS, primarily the sympathetic branch, is an important link
between the experience of race-related stress and poorer cardio-
vascular and overall health among African Americans [51].
Nearly 20 years ago, this idea was formally conceptualized into
a broader biopsychosocial model proposing that the experience
of racial discrimination represents a unique form of chronic
psychosocial stress that contributes to dysregulation across
multiple allostatic (i.e., cardiovascular, immune, neuroendo-
crine) systems [52]. At the same time, researchers were also
beginning to consider that racism and discrimination may have
a deleterious impact on health through diminished parasympa-
thetic nervous system activity [53].

@ Springer

Hypertension and related complications have been implicat-
ed as the largest contributors to CVD-related deaths among
African Americans [54]. Emerging data has also linked both
structural and institutional forms of racial discrimination to
greater CVD and all-cause mortality among African
Americans [55, 56]. Contemporary research from population-
based investigations including the Cardiovascular Risk
Development in Young Adults (CARDIA) and Jackson Heart
Study has shown that racial discrimination is consistently asso-
ciated with hypertension prevalence, but not necessarily with
BP, among African Americans [57, 58]. This raises the possi-
bility that racial discrimination may be more strongly related
with underlying autonomic-hemodynamic mechanisms impli-
cated in CVD risk. In addition to structural and biochemical
measures of vascular function such as carotid intima-media
thickness [59], and Endothelin-1 [60], as well as vascular and
systemic inflammatory markers (i.e., C-reactive protein) [61,
62], growing evidence also indicates that racial discrimination
is inversely associated with HRV among African Americans.
Notably, findings from laboratory-based studies have shown
that African Americans exhibit blunted HRV recovery follow-
ing exposure to race-related stressors [32] [63]. Other evidence
suggests that the inverse relationship between past experiences
of racial discrimination and HRV may impact other groups as
well. Notably, Wagner and colleagues reported that lifetime
discrimination was negatively associated with HRV recorded
during a stressful speech task in a combined sample of
European and African American women [64].

Research also has considered the impact of inter- versus
intragroup discrimination on HRV. For example, a study by
Hoggard and colleagues [64] showed that African American
women exposed to discriminatory statements involving an
African American confederate, paradoxically, exhibited an in-
crease in HRV following the interaction. In contrast, African
American women exposed to the same stimuli, but from a
European American confederate exhibited no change in
HRYV following the task; however, these women displayed
lower HRV and higher HR upon returning to the laboratory
environment for follow-up on the very next day [65]. As these
findings suggest, exposure to environments where previous
experiences of racial discrimination have occurred may be
an additional source of stress associated with alterations in
cardiac autonomic functioning.

Other work has shown that discrimination related to threats or
the experience of actual harm predicted lower HRV among
African Americans [34], while exposure to explicitly discrimina-
tory information about one’s own racial/ethnic group (i.e., stereo-
type threat) has been associated with impaired HRV recovery
following a cognitively demanding task [66]. Importantly, cog-
nitive processes associated with increased risk for both poorer
mental and physical health also may influence the association
between discrimination and HRV. For example, a recent investi-
gation found that rumination, or a repetitive focus on the origins,
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indicators, and consequences of one’s negative emotions and
experiences, significantly moderated the association between ra-
cial discrimination and heart rate variability in a sample of
African Americans [67]. Increased rumination has previously
been identified as one potential maladaptive response to chronic
discrimination stress [52] and several studies have shown that
rumination mediates the relationship between racial discrimina-
tion and depressive symptoms among African Americans and
other stigmatized groups [68—70]. Importantly, rumination is
one component of a larger pattern of repetitive, perseverative
thinking that has been consistently linked to lower HRV, but also
to elevated BP and SVR in numerous studies conducted in both
US and European populations [71].

Characterizing the Conundrum

Classical perspectives on CVD etiology conceptualize auto-
nomic imbalance as a state characterized by SNS hyperactivity
and attenuated parasympathetic cardiac influence (i.e., lower
HRV) [7]. African Americans face the greatest burden of hy-
pertension in the world, and the contribution of SNS-mediated
vascular dysfunction is one of the primary mechanisms thought
to underlie this disparity [14, 19]. Yet, there is growing evidence
of jointly elevated SNS and PNS activity in African Americans,
a pattern we have termed the “Cardiovascular Conundrum.”
Notably, in several studies in which African Americans have
been shown to exhibit higher HRV, they also have evinced
higher BP, relative to European Americans [32, 35, 36, 72].
This pattern also appears to extend to underlying hemodynamic
mechanisms (for example, see Fig. 2a and b), as a study by Dorr
and colleagues [32] observed both greater basal vascular resis-
tance and HRV among African Americans.
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European American  African American

Fig.2 Mean resting total peripheral resistance and vagally mediated heart
rate variability in European (N = 26) and African American (N = 24) men
(adapted with permission from Dorr et al. International Journal of

Other studies have shown that typically inverse associa-
tions between HRV with psychosocial and pathophysiological
CVD risk markers also appear to be reversed among African
Americans. For instance, depression is a well-established pre-
dictor of lower HRV and increased CVD risk [20, 73]; yet, a
recent investigation found that depressive symptoms were
positively associated with HRV in a sample of middle-aged
African Americans [74]. Moreover, increased left ventricular
mass (LVM) is an early manifestation of hypertension-related
target organ damage that is more common among African
Americans and is further associated with increased CVD mor-
bidity and mortality risk [27, 28]. However, in a recent study,
researchers found that resting HRV was positively associated
with LVM among African American, but not European
American adults with normal and untreated high blood pres-
sure [75]. While intriguing, these findings also underscore the
relatively limited nature of the available studies characterizing
potentially unique associations between HRV and both mental
and physical health outcomes in African Americans.
Additional research will be essential in ultimately elucidating
whether the higher HRV observed among African Americans
is clinically meaningful either as evidence of an alternative
state of autonomic imbalance, or as a relative marker of stress
resilience. With respect to the latter, based on converging ev-
idence from neuroimaging, and laboratory-based investiga-
tions linking HRV to self-regulatory processes [76—78], re-
searchers have speculated that higher HRV among African
Americans may represent a form of psychophysiological com-
pensation, or a greater coping demand subsequent to greater
stress (i.e., racial discrimination) burden [33e, 34, 66].

Another possibility is that higher HRV among African
Americans may be early evidence of diminished or failed
compensation by the arterial baroreceptors. The baroreceptors
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Psychophysiology, 2007;66(2):125-34. Copyright 2007, with
permission from Elsevier) [32]
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play a central role in short- and long-term BP regulation, par-
ticularly in modulating the dynamic autonomic-hemodynamic
mechanisms necessary to respond to shifting metabolic de-
mands as well as maintain a stable BP. Baroreflex sensitivity
is inversely associated with ambulatory BP, and prolonged
stimulation of the baroreceptors has been associated with de-
creased long-term BP [79-81]. Moreover, measures of baro-
reflex function correlate strongly with indices of HRV that are
most clearly vagal (i.e., parasympathetic) in nature [82, 83].
Research has shown that lower HRV is inversely associated
with elevated BP and greater hypertension incidence up to
3 years later [84, 85]; however, it is unclear whether this pat-
tern is consistent in African Americans as previous studies
were conducted in predominately European, or European
American samples, or did not report separate results by
race/ethnicity. Thus, it remains to be determined whether
higher HRV among African Americans may reflect a diver-
gence in the typically compensatory relationship between va-
gal modulation and BP, as well as to discern the potential
implications of this dissociation. While explanations for the
conundrum of dually-elevated SNS and PNS activity among
African Americans remain speculative, the emerging evi-
dence, nonetheless, provides clear indication that current as-
sumptions and interpretations regarding the relative meaning
of high HRV may not be universal, or, at the very least, that
HRV may hold different informative value as an indicator of
disease risk across diverse populations.

Moving Forward: Implications for Future Research

While there has been a tremendous increase in research
examining numerous aspects of HRV in association with
both optimal and diminished health, few investigations
have considered its potential role in accounting for ethnic
disparities in cardiovascular and other health outcomes.
Collectively, the studies reviewed here provide consistent
support for the notion that African Americans exhibit
higher HRV relative to European Americans. However,
it is clear that additional research is needed to examine
whether HRV is universally informative as an indicator of
health, and to determine whether social and cultural
stressors uniquely interact with HRV in exacerbating or
attenuating CVD risk. There is some indication that
higher HRV among African Americans may begin to
emerge within the first 3—6 months of life [86]; nonethe-
less, this pattern has been observed across developmental
strata including among middle-aged and older populations
[33¢]. One broad question that is raised is whether there is
any potential benefit of higher HRV among African
Americans. Notably, if higher HRV among African
Americans reflects a type of psychophysiological adapta-
tion, is this pattern stable? Additionally, what factors are
associated with the decline of this potentially
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cardioprotective mechanism, over time? The available ev-
idence indicates that socioeconomic factors may play a
role in ethnic differences in stress-related changes in
HRV. Thus, future research incorporating HRV measure-
ments during stressful conditions in African Americans
may be invaluable in further deciphering the impact of
socioeconomic disadvantage. Moreover, the association
between discrimination and HRV also appears to depend
on several factors including whether past or anticipated
experiences of discrimination involve threats or actual
harm, and research also is needed to examine whether
the association between discrimination and HRV is poten-
tially influenced by individual differences in coping.

Conclusions

Hypertension is a leading risk factor for CVD. Significant
ethnic differences exist such that African Americans are at
greater risk than European Americans. The ANS plays a major
role in the regulation of blood pressure and a growing body of
research suggests ethnic differences in this ANS regulation.
We have reviewed this research and found evidence for both
elevated peripheral vascular resistance and elevated HRV in
African Americans. This so-called cardiovascular conundrum
will require further research to understand the role that psy-
chosocial factors may play in this unexpected pattern of blood
pressure regulation and its implications for disparities in CVD.
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