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Background:

This study aims to characterize heart rate variability (HRV) in older adults from different racial
backgrounds awaiting major surgery, with a focus on how chronic stress affects autonomic
regulation. We hypothesize that autonomic fractionation, a paradoxical combination of high
HRYV and elevated blood pressure (BP), will be more prevalent among older Black/African
Americans (B/AA) compared to age-, sex-, and surgery-matched White/Caucasian Americans
(W/CA), even after adjusting for key demographic and clinical variables. While high HRV
typically indicates physiological resilience, its coexistence with high hemodynamic metrics may
reflect maladaptive autonomic regulation, potentially.

Methods:

We assessed HRV using 24-hour recordings from eCardioWatch 287 wristbands in race- and
procedure-matched geriatric surgical patients. Overnight segments were analyzed to reduce
motion artifacts. Time-domain (SDRR, RMSSD) and frequency-domain (LF, HF, LF/HF ratio)
HRYV metrics were extracted using Kubios, MATLAB, and Python, alongside hemodynamic
measures including pulse pressure (PP), systolic and diastolic blood pressure (SBP, DBP), and
mean arterial pressure (MAP). Paired t-tests were used to compare autonomic and vascular
indicators between B/AA and WCA patients.

Results:

B/AA patients exhibited paradoxically elevated but highly variable HRV measures. SDRR was
nearly double in B/AA patients compared to WCA (40.29 ms + 29.36% vs. 21.95 ms + 9.53%, p
= 0.124), with a similar trend in RMSSD (50.37 ms + 42.63% vs. 22.29 ms + 8.78%, p = 0.092).
Despite statistical non-significance, these differences suggest autonomic instability.
Hemodynamic profiles showed wider pulse pressures in B/AA patients (64.50 mmHg + 18.52%
vs. 54.50 mmHg + 12.64%, p = 0.114) and significantly lower DBP (69.90 mmHg + 10.28% vs.
78.50 mmHg + 8.00%, p = 0.029), indicating vascular stiffening. Frequency domain analysis
revealed a lower LF/HF ratio in B/AA patients (0.789 £ 0.383%) compared to CA controls
(1.653 + 1.387%, p = 0.081), contradicting expectations of sympathetic dominance.

Discussion:

This study reveals a paradoxical autonomic profile in older B/AA patients, characterized by
significantly elevated but highly variable HRV measures, including SDRR and RMSSD,
compared to matched WCA controls. While group differences did not always reach statistical
significance, the large effect sizes and pronounced interindividual variability suggest autonomic
instability rather than enhanced cardiovascular health. Hemodynamic analyses further
demonstrated wider pulse pressures and significantly lower diastolic blood pressure in B/AA
patients, consistent with increased arterial stiffness and reduced vascular compliance. Frequency
domain analysis revealed a markedly lower LF/HF ratio in B/AA patients, challenging
conventional assumptions of sympathetic predominance in high-risk populations and pointing to
potential baroreflex impairment or race-specific autonomic regulation.
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TOPIC 1: BACKGROUND

Introduction:

Signal processing technologies play a crucial role in collecting continuous time-series data from
physiological processes such as heart rate (HR), blood pressure (BP), and nerve activity, these
technologies enable comprehensive health assessments by capturing fluctuations in heart rate,
even under "steady-state" conditions, providing a more accurate representation of physiological
dynamics (McCraty & Shaffer, 2015). Among these measures, one of the most insightful is heart
rate variability (HRV), which offers a deeper analysis of cardiac function. Defined as a
noninvasive measurement of fluctuations in the time intervals between adjacent heartbeats, HRV
serves as one of the best indicators of autonomic function. By examining beat-to-beat
fluctuations over time, HRV provides valuable insights into the complex interactions between
the nervous system and physiological processes (Shaffer, 2014). As a critical measure of
cardiovascular health, HRV reflects the body's ability to adapt to internal and external stressors,
making it an essential tool for assessing overall well-being.

To ensure consistency and reliability, HRV data collection and analysis in this study followed
the GRAPH (Guidelines for Reporting Articles on Psychiatry and Heart Rate Variability)
standards. HRV was assessed using both time-domain and frequency-domain measures, which
quantify variability in inter-beat intervals (the time between successive heartbeats) in either raw
or logarithmic units. To improve accuracy, HRV was analyzed over both short periods and 24-
hour intervals, with methodological details provided later.

Higher HRV is associated with better cardiovascular health, as it reflects positive autonomic
regulation and accurate coordination between the heart and brain. This is supported by higher
values across HRV metrics. For example, higher SDRR suggests greater adaptability of the heart
to physiological and environmental changes, while a higher RMSSD indicates strong vagal tone
and better recovery from stress. Similarly, increased values across all frequency bands (Ultra
Low Frequency, Very Low Frequency, Low Frequency, High Frequency) suggest strong
autonomic flexibility and robust cardiovascular function. In individuals with higher HRV,
autonomic nervous system (ANS) regulation is improved particularly through a stronger
parasympathetic (vagal) tone. This regulation affects vital signs such as mean arterial pressure
(MAP), systolic blood pressure (SBP), and pulse pressure (PP), which tend to be lower and more
stable due to improved cardiovascular control. Conversely, lower HRV is linked low HRV
metrics but higher MAP, SBP, and PP, which are associated with increased cardiovascular
disease risk and poorer mental and physical health outcomes (Larsen, 2009).

Although HRYV is a valuable health indicator in younger individuals, it naturally declines with

age. Therefore, HRV measurements must be adjusted for age to ensure meaningful comparisons.
Research suggests that in healthy geriatric populations, the relationship between HRV and heart
rate remains relatively stable. Low HRV is a strong, independent predictor of future health risks,
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making it a critical measure for assessing both cardiovascular and overall well-being. Only a
steep downward decline in HRV is concerning, as it serves as a strong predictor of future health
risks. However, in individuals with ischemic heart disease or other cardiovascular conditions,
HRYV declines more sharply, particularly at lower heart rates. This weakening connection
between HRV and heart rate indicates a disruption in autonomic cardiac regulation, further
complicating cardiovascular health in aging individuals (Umetani, Duda, & Singer, 1996).

This study will specifically examine HRV in geriatric patients before surgery, a period of acute
stress, to characterize how HRV responds to this physiological challenge and assess differences
between two racial groups. While extensive research has explored factors influencing HRV,
stress remains the most significant contributor to fluctuations in HRV, as it directly affects ANS
activity, which is captured in HRV metrics. A key focus will be fractionation, or the decoupling
of typical relationships between cardiovascular metrics such as HRV and BP. Understanding
these patterns will provide valuable insights into the unique cardiovascular challenges faced by
different populations and contribute to more targeted healthcare interventions.

Heart Rate Variability:

HRYV provides valuable insight into the body's physiological processes by analyzing fluctuations
in heart rate over time. The beat-to-beat variations in HR captured in the electrocardiogram
reveal the continuous interplay between different physiological systems (McCraty & Shaffer,
2015). HR and HRV share an inverse relationship known as cycle length dependence. As HR
increases, the intervals between beats shorten, reducing HRV. Conversely, when HR decreases,
the intervals between beats lengthen, allowing for greater variability. This relationship serves as
a critical indicator of cardiovascular health.

A method to further understand the pathophysiological mechanisms underlying cardiovascular
disease risk is examining the automatic nervous system (Hill, 2019). Fortunately, HRV metrics
provide the tools to interpret the balance of this system. The ANS is made of the SNS and the
PNS which dynamically regulate HR, a process known as dynamic autonomic balance (Shaffer,
2015). During physical or psychological stress, SNS activation increases HR, triggering
physiological responses such as the fight-or-flight reaction (Hill, 2018 and Olshansky, Sabbah,
Hauptman, & Colucci 2008). In contrast, PNS predominates at rest and its activation slows HR
to conserve energy, leading to higher HRV (McCraty & Shaffer, 2015 and Billman, Huikuri,
Sacha, & Trimmel, 2015). The PNS is most effective at slowing the HR when the SNS is already
active. This can be seen during strenuous activity such as high intensity workouts. In these
moments the SNS increases heart rate incrementally, but as exercise intensity increases, the PNS
begins moderating the heart rate, but because of the gradual work of SNS, can do this more
effectively. This phenomenon is known as accentuated antagonism and is important for
understanding heart rate.
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The relationship between SNS and PNS however is not linear and can complicate HR and blood
pressure analysis. For example, an increase in HR may result from heightened sympathetic
activity, decreased parasympathetic tone, or a combination of both (Robertson, 1979). This can
be due to parasympathetic nerves exerting their effects more rapidly (<1 s) than sympathetic
nerves (>5 s) (Robertson et.al 1978). Since these divisions can produce opposing effects, such as
speeding up or slowing down the heart, and suppressing or enhancing PNS activity, their impact
on an organ depends on the balance of their activity at any given moment (Gellhorn 1957).
Therefore, getting the ideal HRV with a balanced level of variation, proves a harder task than
thought (Segerstrom, 2007).

Autonomic Nervous System Dysfunction:

ANS dysfunction between the SNS and PNS has long been recognized as a key
pathophysiological mechanism underlying CVD risk (Hill & Thayer, 2019). For example,
parasympathetic rebound, where the PNS overreacts after a period of intense SNS may occur
following high levels of stress, resulting in increased nighttime gastric activity and asthma
symptoms. With knowledge that HRV serves as a reflection of ANS activity, it can also serve as
a measure of assessing how physiological stress can affect the nervous system and effect
cardiovascular risk.

Research highlights the impact of race-related stress on cardiovascular health (Anderson, 1992).
Therefore, the effect of prolonged stress, from traumatic incidents can disrupt vagal nerve
stability within the PNS, leading to irregularities in heart thythm and HRV. This disruption
allows for overactivation of the SNS, depicted by irregularities in HRV data (Porges, 2011).
Ideally, HRV would display a balanced level of variation, but excessive irregularity can indicate
signal arrhythmias while too little may indicate age-related decline, chronic stress, or impaired
self-regulation (Segerstrom, 2007). Understanding the impact of stress on the ANS in both
experimental and clinical settings is crucial, as it directly affects populations vulnerable to these
disruptions (Robertson et al., 1979).

While the differentiation between acute and chronic stress has not been extensively explored,
further research could provide vital insights. Mood and anxiety disorders, both of which are
linked to increased stress responses, have been associated with higher risks of cardiovascular-
related morbidity and mortality (Larsen & Christenfeld, 2009). Psychological stress is a
recognized risk factor for numerous diseases, including CVD, and is linked to increased
morbidity and all-cause mortality, and therefore is important to assess with HRV (Segerstrom &
Miller, 2004). Acute stress elevates heart rate and blood pressure, and repeated activation of this
response heightens the risk of CVD. Individuals who experience frequent stress are therefore at
greater risk of cardiovascular disorders (Krantz & Manuck, 1984). The extent of stress can be
assessed using the total area under the curve, which measures allostatic load, the cumulative
burden of stress on the body. This involves tracking cardiovascular elevation, its duration, and
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the time required to return to baseline (Schwartz et al., 2003). The duration of stress and the
recovery process are critical factors, yet they are difficult to measure in the context of social
stressors that lack concrete indicators of stress relief (Larsen & Christenfeld, 2009). Even
physiological effects of prolonged worry and social stress have not been fully investigated,
despite their potential to provide valuable data. The allostatic load theory predicts that extended
stress activation, such as that experienced during rumination leads to long-term negative health
outcomes. Longitudinal studies linking stress with health outcomes are necessary to further
validate this approach.

In a study of over 804 participants, including healthy controls, individuals with depression and
anxiety, and those in remission, researchers found that acute stress especially with prior
manifestations of mental health symptoms causes dysregulation of cardiac vagal reactivity, a key
measure of parasympathetic function. As shown by the study, individuals with symptoms of
mental health conditions are more prone to exhibit hyperreactivity, meaning their ANS does not
respond as strongly as expected. This blunted physiological response may impact cognitive
performance and resilience (Hu, Lamers, & de Geus, 2017). Additionally, the co-occurrence of
stressors such as social isolation and a sedentary lifestyle plays a significant role in the
connection between anxiety, mood disorders, and CVD (Kawachi et al., 1994). The behaviors
and traits associated with these conditions contribute to the pathophysiological mechanisms
involved in CVD development (Larsen & Christenfeld, 2009).

Black/African Americans Populations:

Lower HRV has long been suggested as a contributing factor to the disproportionately higher
burden of CVD among Black/African Americans (Lampert et al., 2005). This is displayed in the
higher risk of CVD for this racial group, as there is an increased chance of 20—30% more likely
to die from CVD compared to other minority racial groups (Farrell, Giza, & Shibao, 2020). This
disparity is influenced by multiple factors, including behavioral aspects (diet, physical activity),
genetic predisposition, socioeconomic status, and the quality of healthcare access. The healthcare
system’s ability to provide equitable resources and culturally competent care often falls short in
effectively addressing the needs of different ethnic populations (Farrell, Giza, & Shibao, 2020).

Despite the social challenges they face, studies have consistently found that Black/African
Americans exhibit higher HRV than Whites (Lampert et al., 2005; Choi et al., 2006; Hill et al.,
2015). To explore this unexpected finding, a meta-analysis examined HRV differences across 17
studies involving over 11,000 Black/African Americans and European American participants,
consistently confirming that Black/African Americans consistently had higher HRV (Hill &
Thayer, 2019). Despite this higher HRV, Black/African Americans had reduced PNS activity.
This was intriguing as high PNS-mediated HRV is generally protective for cardiovascular health
and is consistent with high HRV. Impaired PNS function may contribute to the higher
prevalence, earlier onset, and greater severity of CVD observed in Black/African Americans
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(Cygankiewicz, 2013; Thayer, 2007). To look further into this, another study examined HRV in
obese Black/African Americans and non-Hispanic White women. They found no significant
differences in sympathetic HRV between the Black/African Americans and White women but
noted a reduction in parasympathetic activity within the Black/African Americans (Farrell, Giza,
& Shibao, 2020). Reductions in PNS activity such as this one are indicated by low high-
frequency HRV, regardless of physical activity levels and psychological stressors. It has even
been reported in young Black/African Americans women and children investigated in similar
studies (Graziano, 2011). This highlights the importance of understanding interplay between the
ANS branches and stress.

As the body's primary stress-response system, the SNS plays a key role in understanding the
relationship between race-related stress and adverse cardiovascular health outcomes in
Black/African Americans (Palatini, 2009). However, individual differences in psychological and
physiological stress responses must also be considered. Examining both acute and chronic stress
perceptions could provide valuable insights into these variations (Williams et al., 1997). Race-
related stressors, both within and outside of racial groups, are significant contributors to the
overall stress burden in Black/African Americans communities (Clark et al., 1999). A recent
study found that rumination, the tendency to dwell on negative emotions, significantly influenced
the relationship between racial discrimination and HRV among Black/African Americans
(Williams et al., 2017). As a maladaptive coping mechanism, rumination has been linked to
racial discrimination and depressive symptoms in Black/African Americans and other
marginalized groups (Borders & Liang, 2011; Clark, Clark, & Williams, 1999). Additionally,
structural and institutional racial discrimination have been associated with higher CVD rates and
increased overall mortality among Black/African Americans (Chae, 2015).

Coping strategies play a crucial role in shaping the magnitude and duration of stress responses.
Inflexible coping mechanisms, particularly perseverative cognition (persistent negative thinking),
can prolong both psychological and physiological stress effects, potentially contributing to CVD
development (Larsen & Christenfeld, 2009). When individuals perceive an event as racist and
lack adaptive coping strategies, the prolonged stress response can lead to sustained physiological
wear and tear, exacerbating health disparities (Burchfield, 1985; Clark & Harrell, 1982).

Overall, the underlying causes of racial differences in HRV and their impact on disease risk
remain complex and not yet fully understood. A key takeaway from recent findings is that the
traditional assumption that higher HRV is always beneficial may not hold true across all
populations. This challenges existing HRV-based risk assessments, particularly for
Black/African Americans, and highlights the need for more nuanced research on the interactions
between race, autonomic function, and cardiovascular health. Future studies should explore how
social, environmental, and physiological factors shape these relationships in both healthy and
clinical populations to improve risk prediction and targeted interventions (Hill, 2017).
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Fractionation:

For Black/African Americans, chronic stressors such as racism and discrimination significantly
contribute to health disparities, particularly when compounded by socioeconomic barriers in
healthcare. These stressors, spanning structural, institutional, and interpersonal domains,
manifest in unique ways that exacerbate physiological strain (Clark & Williams, 1999).

Two key hypotheses explore the repercussions of chronic stress in this population. One suggests
that repeated exposure to racism heightens the body's SNS response, leading to prolonged fight-
or-flight activation and impaired recovery mechanisms (Hill, 2018). Another theory examines
fractionation, or the decoupling of HRV from other cardiovascular measures like BP. While
higher HRV typically indicates better cardiovascular health, studies have found that
Black/African Americans often exhibit both high HRV and high BP, a paradoxical pattern that
may hinder proper cardiovascular recovery (Door, 2007). This population frequently shows
concurrent activation of both the SNS and the PNS, a pattern distinct from European Americans
(Hill et al., 2015). Over time, this imbalance can contribute to chronic hypertension and
increased CVD risk (Anderson et al., 1991).

Research on psychosocial stress and CVD risk suggests that Black/African Americans
experience heightened vasoconstrictive responses and impaired vasodilation when exposed to
psychological stressors (Taherzadeh et al., 2010). Factors such as hostility and racial
discrimination have been linked to increased alpha-adrenergic receptor sensitivity and
diminished beta-adrenergic receptor responsiveness, reinforcing SNS hyperactivity and its role in
hypertension and CVD development (Thomas et al., 2006). The detrimental impact of mental
stress on health is well recognized, as chronic stress impairs the body's ability to regulate
inflammation, promoting the development and progression of various diseases, including heart
disease, diabetes, asthma, upper respiratory infections, and depression (Pereia, Almeida, Cunha,
& Agular, 2017). Given these risks, it is crucial to develop methods for assessing and monitoring
stress events to better understand their correlation with health outcomes.

Stress responses, when inflexible, manifest in both physiological markers and psychological
symptoms such as rumination, worry, and obsessive thinking (Larsen & Christenfeld, 2009).
Coping flexibility, the ability to adapt coping strategies based on the stressor, plays a critical role
in mitigating these risks. Research on college freshmen found that greater emotional regulation
and adaptability predicted lower distress levels 1.5 years later, highlighting the long-term
benefits of flexible stress management (Bonanno et al., 2004). The ANS plays a vital role in this
process, as its ability to maintain homeostasis across psychological and physiological states
directly influences stress resilience (McCraty & Shaffer, 2015). By fostering adaptive coping
strategies, individuals may counteract maladaptive stress responses, reduce CVD risk, and
address autonomic dysregulation, ultimately improving long-term health outcomes.
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Chronic stress can arise from various sources, both personal and societal. Among Black/African
Americans, it has been closely linked to health disparities, including higher rates of hypertension
(Clark, 1999). One hypothesis suggests that racial discrimination amplifies physiological stress
by sustaining SNS activation, impairing the body’s ability to recover (Hill, 2017). The
phenomenon of fractionation, where individuals exhibit both high HRV and elevated BP,
suggests that chronic stress may be disrupting the normal regulation of these markers (Dorr,
2007). This maladaptive response hinders cardiovascular recovery and contributes to long-term
physical and mental strain, worsening health outcomes.

Despite these significant findings, the prevalence of fractionation and its relationship with HRV,
particularly in medical stress contexts, remains largely understudied. This study aims to address
this gap by examining HRV in matched older Black/African Americans and White/Caucasian
American patients preparing for surgery. Understanding whether fractionation occurs in this
cohort and the extent of HRV and BP decoupling is crucial, as these metrics play a key role in
preoperative care and influence medical prescriptions and treatment decisions. HRV is a
powerful yet often overlooked indicator of underlying health complications, many of which may
go undetected without specialized tools. By providing deeper insights into the heart’s inner
workings, HRV data enhances our understanding of the continuous, dynamic, and bi-directional
interactions among neural, hormonal, and mechanical control systems at both local and central
levels (Shaffer, 2015).

TOPIC 2: HiPPIE STUDY
Aims:

Significant racial disparities persist in healthcare access and outcomes, with Black/African
Americans populations particularly affected by systemic inequities in resource allocation and
culturally competent care (Farrell, Giza, & Shibao, 2020). These disparities contribute to
measurable differences in physiological markers, including HRV patterns that may reflect
chronic stress adaptations. To investigate these phenomena, our team conducted research through
Duke University's ACKER Laboratory as part of the HiPPIE study (Duke IRB# Pro00110632), a
prospective investigation of HRV's relationship with postoperative outcomes. Between
November 2022 and February 2024, we enrolled 132 eligible patients aged 65 years or older who
were scheduled for major non-cardiac surgical procedures at Duke University Hospital.
Participants were systematically identified through the hospital's surgical scheduling system and
provided informed consent before study inclusion. For the current analysis, we focused on a
carefully matched subset of Black/African Americans and White/Caucasian American patients,
using a rigorous pairing protocol based on three key variables: age (within +3 years), biological
sex, and surgical procedure type. This matching strategy was implemented to isolate potential
racial differences in autonomic function while controlling for these potentially confounding
factors.
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The study employed stringent inclusion criteria specifically designed to ensure high-quality
autonomic measurements while minimizing confounding variables. Eligible participants needed
to be at least 65 years old and scheduled for major non-cardiac surgical procedures requiring an
anticipated hospital stay of two or more days. Key physiological exclusion criteria included:
documentation of sinus rhythm on preoperative electrocardiogram, resting heart rate between 50-
100 beats per minute, no current or historical use of beta-blocker medications, minimal nicotine
consumption (defined as fewer than five cigarettes per week), absence of any implanted cardiac
devices (including pacemakers or vagus nerve stimulators), and no diagnosed autonomic
pathologies. Additional requirements included English language fluency and non-incarceration
status, implemented to ensure consistent communication and minimize the potential confounding
effects of extreme social stressors.

The final study cohort had a mean age of 71.8 years with an equal gender distribution (50%
male, 50% female) maintained across both racial groups (Table 1). Educational attainment
among participants varied considerably, with 23 participants (representing 17.4% of the cohort)
holding college degrees. Employment status showed notable consistency, with over 80% of
participants in both racial groups reporting retired status and only 2.3% identifying as disabled.
Financial self-perception data revealed substantial socioeconomic diversity within the study
population: 18.9% of participants reported feeling "much more financially comfortable" than
their local community, 17.3% reported being "a little more comfortable," 40.2% felt "about as
comfortable," and 14.2% reported being "a little less comfortable" than their peers. While
inherently subjective, these financial self-assessments confirmed representation across a broad
spectrum of socioeconomic circumstances. The population demonstrated high marriage rates
(approximately 70% across groups) with representation of various marital statuses. Nearly all
participants resided in standard community housing rather than specialized care facilities, and
few reported significant memory-related health concerns at baseline.
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Total
(N=132)
Age 71.8
Race
White or Caucasian 109 (82.6%)
Black or Black/African Americans 20 (15.2%)
Asian 1 (0.8%)
A race or ethnicity not listed here 1 (0.8%)
Prefer not to answer 1 (0.8%)
Sex at birth
Male 66 (50.0%)
Female 66 (50.0%)
Education Level
Some high school 7 (5.3%)
High school graduate / GED 15 (11.4%)
Some College 26 (19.7%)
Associate’s Degree 9 (6.8%)
Trade/Vocational Training 2 (1.5%)
Bachelor's Degree 23 (17.4%)
Some graduate school 6 (4.5%)
Graduate or Professional Degree 42 (31.8%)
Prefer not to answer 2 (1.5%)
Work Status
Missing or Omitted 3(2.3%)
Working 14 (10.9%)
Unemployed 1 (0.8%)
Retired 105 (81.4%)
Disabled 3(2.3%)
Other 6 (4.7%)
Employment
Paid, full-time 2 (18.2%)
Retired 8 (72.7%)
Disabled 2 (18.2%)
How financially comfortable are you compared to others in your
community or neighborhood?
Missing or omitted 6 (4.5%)

Much more financially comfortable
A little more financially comfortable
About as financially comfortable

25 (18.9%)
23 (17.4%)
53 (40.2%)



A little less financially comfortable
Much less financially comfortable
Sexual orientation
Straight / Heterosexual
Other
Prefer not to answer
Are you currently a caretaker?
Yes
No
Prefer not to answer
Current material status
Married
Divorced
Separated
Never Married
A member of an unmarried couple
Prefer not to answer
Describe the community in which you live
The general community
An age-restricted or assisted living community
Prefer not to answer
Previous diagnosis of chronic thinking or memory problem
No
Mild Cognitive Impairment
Another thinking or memory problem
Prefer not to answer
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19 (14.4%)
6 (4.5%)

119 (90.9%)
8 (6.1%)
5(3.8%)

15 (11.4%)
112 (84.8%)
5 (3.8%)

94 (71.2%)
22 (16.7%)
6 (4.5%)
2 (1.5%)
1 (0.8%)
4 (3.0%)

119 (90.2%)
9 (6.9%)
4 (3.0%)

123 (93.2%)
4 (3.0%)
2 (1.5%)
3(2.3%)
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Building upon demographic foundations, this study addresses a critical knowledge gap in
cardiovascular-autonomic physiology by investigating racial differences in autonomic
fractionation patterns. The central research question explores the prevalence of autonomic
fractionation among older Black/African Americans patients compared to age-, sex-, and
procedure-matched White/Caucasian American patients awaiting major surgery. Autonomic
fractionation, a clinically significant deviation from established autonomic-cardiovascular
relationships, manifests as the paradoxical coexistence of high HRV with elevated BP. This
contrasts with well-documented physiological patterns in which high HRV typically correlates
with low BP, indicating optimal autonomic regulation, while low HRV is associated with high
BP, reflecting autonomic dysfunction and heightened cardiovascular risk.

Grounded in preliminary evidence and theoretical frameworks, we hypothesize that
Black/African Americans patients will exhibit significantly higher rates of autonomic
fractionation compared to their matched White/Caucasian American counterparts. This
hypothesis is supported by emerging research suggesting potential racial differences in
autonomic stress responses and vascular compliance, potentially mediated by factors such as
chronic stress exposure, differential vascular remodeling processes, and distinct neurocardiac
regulation patterns. Through rigorous matching protocols and careful control of demographic and
clinical variables, this study seeks to determine whether autonomic fractionation represents a
unique physiological phenotype among older Black/African Americans surgical patients.

This research fills a critical gap by examining how chronic stress contributes to the decoupling of
cardiovascular metrics, an area that remains underexplored. Without a deeper understanding of
these patterns, optimizing medical care for affected populations remains a challenge. By
identifying the prevalence of fractionation, this study aims to inform personalized preoperative
care plans and interventions, ensuring that vital signs are interpreted in the context of chronic
stress. Such an approach could help reduce health disparities and improve clinical outcomes for
vulnerable populations. Given that one in seven older adults will undergo major surgery within
the next five years, recognizing these cardiovascular dynamics is essential for improving surgical
outcomes and recovery. Addressing autonomic fractionation could lead to more accurate risk
assessments, enhanced perioperative care, and better health outcomes for aging Black/African
Americans patients.

While prior research has explored racial differences in HRV, specific trends, such as the
tendency for Black/African Americans to exhibit higher HRV than their White/Caucasian
counterparts, remain underexamined (Hill, 2019). By focusing on fractionation, this study
extends current research on atypical cardiovascular patterns and provides valuable comparative
data on racial disparities in autonomic regulation. If successful, this study will clarify the
prevalence of fractionation in older Black/African Americans adults and its connection to
chronic stress. These findings could reshape how cardiovascular metrics like HRV and BP are
interpreted in minoritized populations, particularly in clinical settings. The results will provide
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strong evidence for implementing tailored preoperative care plans and stress-informed
interventions, ensuring that vital signs are assessed within the broader context of chronic stress.
Ultimately, this research has the potential to reduce health disparities, enhance clinical decision-
making, and guide future investigations into the unique cardiovascular challenges faced by
minoritized groups. Additionally, it contributes to broader efforts to prevent both acute and
chronic cognitive dysfunction in older adults.

Sex-, Age- and Surgery-matched Participants:

To accurately compare HRV variations across racial groups in the HiPPIE study, participants
were meticulously matched based on age, sex, and surgical procedure type. This approach
minimized confounding variables, ensuring that observed differences in HRV reflected intrinsic
cardiovascular and autonomic nervous system function rather than external influences.

The HiPPIE study cohort consisted of 132 participants identified through the Duke surgery
schedule, all of whom had provided informed consent. Following the study’s exclusion criteria,
participants were first matched by age, yielding a mean of 71.36 years for both the experimental
(African American) and control (White/Caucasian American) groups. Next, they were stratified
by self-reported sex to further refine the matching process. The most complex step involved
aligning participants by surgical procedure type. As direct matches were not always available,
procedures were paired based on clinical similarity, as determined by expert adjudication from
Dr. Leah Acker (Table 2).

The final dataset comprised 12 matched pairs, with one Black/African Americans participant
appearing twice due to the lack of alternative matches for a specific procedure. This dataset
enabled a structured analysis of autonomic fractionation patterns across racial groups while
maintaining a high degree of methodological rigor. A demographic analysis provided further
insights into participant backgrounds (Table 3 & Table 4). Among Black/African Americans
participants, six held college degrees, compared to four in the White/Caucasian group. Over half
of participants in both groups were retired, highlighting the aging nature of the cohort. Income
disparities were notable: 36.4% of Black/African Americans participants reported earning $1,500
or less per month, whereas most White/Caucasian participants declined to disclose income.
Among those who did, 27.3% did not answer, while 18.2% reported monthly earnings of
$3,000—$4,500, and another 18.2% reported $4,500—$6,000. These economic differences may be
relevant when considering the impact of socioeconomic stressors on autonomic function, as
lower income levels are often associated with increased chronic stress and adverse health
outcomes.



Minaya 15

Table 2: Sex-, Age- and Surgery- matched pairs

Black/African Americans or Black Patient White/Caucasian or White Patient
Procedure Sex Age Procedure Sex Age
Laparoscopy Male 72 Laparoscopy Male 72
L2-L4 P Lateral
L4-5 TLIF Male 68 rone LAt Male 71
Fusion
. Prostatectomy
Robot Assist . .
Ii):oarosscsgs ed Male 69 Retropubic with Male 70
P 24 Lymphadenectomy
Laparoscopy Female 66 Rectopexy Female 66
Laparoscopy Female 67 Gastrectomy Female 67
Thoracoscopy Female 68 Thoracoscopy Female 71
Diagnostic Female 69 Laparoscopic Female 69
Laparoscopy Nephrectomy
Excision of Parotoi
'Removal of Female 74 xcision of Parotoid Female 74
Tissue Expander Tumor
ist Robot Assist
Robot Assisted Female 74 obot Assisted Female 74
Laparoscopy Laparoscopy
Thoracoscopy Female 74 Thoracoscopy Female 71
Cholecystectomy | Female 91 Laparoscopy Female 82

Table 2: This table shows matched surgical cases from the HiPPIE study, which included 132
consented participants identified through the Duke surgery schedule. Patients were matched by
age, sex, and type of surgical procedure—based on clinical similarity when exact matches
weren’t available. The table highlights demographic and procedural comparisons between
Black/African American and White/Caucasian participants.

Marriage rates were comparable across groups, with most participants being married, suggesting
that social support structures were relatively similar between racial cohorts. Nearly all
participants lived in independent community settings rather than specialized care facilities,
indicating a generally high level of functional independence. This careful matching process
ensured a robust comparison of HRV patterns while accounting for key demographic and
socioeconomic variables. By maintaining methodological consistency across groups, this study
provides a strong foundation for analyzing racial differences in cardiovascular-autonomic
regulation with minimal confounding factors.
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These socioeconomic factors are critical in shaping healthcare access, medical decision-making,
and overall health outcomes. Financial stability, education, and employment influence how
individuals navigate healthcare systems, access medical resources, and make informed health-
related choices. Understanding these demographic differences allows for a more nuanced
interpretation of HRV and cardiovascular function in the context of chronic stress and health
disparities. By directly matching participants, this study ensures a robust comparison of HRV
interpretation methods, reducing potential confounders.

Table 3: White or Caucasian Control Demographics

Total
(N=11)

Age 71.36
Sex at birth

Male 3 (27.3%)

Female 8 (72.7%)
Education Level

Some high school 1(9.1%)

Some College 4 (36.4%)

Associate's Degree 1(9.1%)

Some graduate school 4 (36.4%)
Employment

Paid, full-time 2 (18.2%)

Retired 8 (72.7%)

Disabled 2 (18.2%)
Financials

$1,500 or less 1(9.1%)

$3,000 to $4,500 1 (9.1%)

$4,500 to $6,000 2 (18.2%)

$6,000 to $7,500 2 (18.2%)

$7,500 to $10,000 1(9.1%)

more than $10,000 1(9.1%)

Prefer not to answer 3(27.3%)
Sexual orientation

Straight / Heterosexual 10 (90.9%)

Prefer not to answer 1(9.1%)
Are you currently a caretaker?

Yes, full-time 1(9.1%)

Yes, occasionally 1(9.1%)

No 9 (81.8%)



Current material status
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Married 8 (72.7%)

Divorced 1(9.1%)

Separated 1(9.1%)

Prefer not to answer 1(9.1%)
Describe the community in which you live

The general community 10 (90.9%)

An age-restricted or assisted living community 1 (9.1%)
Table 4: Black/African Americans or Black Match Demographics

Total
(N=11)

Age 71.36
Sex at birth

Male 3 (27.3%)

Female 8 (72.7%)
Education Level

Some high school 2 (18.2%)

High school graduate / GED 3 (27.3%)

Some College 1(9.1%)

Bachelor's Degree 2 (18.2%)

Some graduate school 1(9.1%)

Graduate or Professional Degree 3(27.3%)
Employment

Paid, full-time 1 (9.1%)

Retired 10 (90.9%)

Looking for work / between jobs 1 (9.1%)
Financials

$1,500 or less 4 (36.4%)

$1,500 to $3,000 1 (9.1%)

$3,000 to $4,500 1 (9.1%)

$4,500 to $6,000 2 (18.2%)

more than $10,000 1(9.1%)

Prefer not to answer 3(27.3%)
Sexual orientation

Straight / Heterosexual 10 (90.9%)

Prefer not to answer 1(9.1%)

Are you currently a caretaker?
Yes, full-time

1(9.1%)



Minaya 18

No 10 (90.9%)
Current material status

Married 8 (72.7%)

Divorced 6 (54.5%)

Widowed 1 (9.1%)
Describe the community in which you live

The general community 10 (90.9%)

An age-restricted or assisted living community 1 (9.1%)
Hypothesis

This study aims to characterize HRV in older adults of different racial backgrounds awaiting
major surgery, with a particular focus on the impact of chronic stress on autonomic regulation.
We hypothesize that autonomic fractionation, defined as the paradoxical coexistence of high
HRYV and elevated BP, will be more prevalent among older Black/African Americans compared
to an age-, sex-, and surgery-matched cohort of White/Caucasian Americans. While high HRV is
typically associated with physiological resilience, its occurrence alongside elevated BP may
reflect maladaptive autonomic regulation. This distinct autonomic pattern may contribute to
disparities in surgical outcomes and long-term cardiovascular health. We anticipate that
Black/African Americans adults will exhibit fractionation more frequently than their
White/Caucasian counterparts, even after adjusting for key demographic and clinical variables.
This hypothesis is grounded in emerging evidence linking chronic stress, particularly in
marginalized communities, to autonomic dysregulation and cardiovascular strain.

Recent advancements in signal processing technologies enable continuous time-series analysis of
physiological processes, including HR, BP, and nerve activity. These techniques offer a more
precise assessment of cardiovascular health by capturing dynamic fluctuations in HR, even under
resting conditions (McCraty & Shaffer, 2015). Among these measures, HRV has emerged as a
powerful, noninvasive biomarker of autonomic function, providing critical insights into the
body’s capacity to adapt to internal and external stressors (Shaffer, 2014). By analyzing beat-to-
beat variability over time, HRV elucidates the complex interplay between the nervous system
and cardiovascular regulation. Investigating these patterns in the context of racial disparities may
improve preoperative risk assessment and inform targeted interventions to mitigate chronic
stress-related health inequities.
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TOPIC 3: METHODS
Wearable:

HRYV data was collected using wearable devices, primarily the eCardioWatch 287 wristband
(Corsano, MMT SA, Switzerland). Coinciding with the HiPPIE study protocol, participants
began wearing the device at least one day before surgery, however ideally between 5—15 days
preoperatively. This wristband was chosen for its age-friendly design in terms of wear and tear,
functionality easy to navigate and long battery life. Participants were instructed to wear the
wristband throughout the day, except during water-based activities (ex. showering), when they
could remove it for charging. To enhance accessibility and ensure equitable participation, the
study provided all participants with an iPhone 6. The wristband transmitted data via Bluetooth to
the Corsano Trials Application on the phone (versions 3.7 to 6.1), which eliminated difficulties
with technology participants may have. The application syncing the watch to the phone, then
securely transferred anonymized, encrypted data to a cloud-based server via LTE. On the day of
surgery, the study team met with participants to exchange their wristband and study smartphone
for fully charged replacements and to retrieve any remaining data stored on the wristband’s
internal memory. Participants continued wearing the wristband for up to three days
postoperatively or until hospital discharge, based on their willingness and the clinical team’s
discretion. This provided post-operative data that was useful for other aspects of the study.

Participants and Procedure Data Collection:

To ensure reliable data collection and control for confounding factors unrelated to brain-heart
interaction, the HiPPIE study applied strict exclusion criteria. Participants were excluded if they
had cardiac arrhythmia, a resting heart rate below 50 or above 100 bpm, were using beta-
blockers, had autonomic disease, a cardiac pacemaker, or a vagus nerve stimulator. Additional
exclusions included heavy nicotine use (more than half a pack per day), excessive alcohol
consumption, and planned surgical admission of fewer than three days. However, participants
were not excluded based on diabetes, caffeine intake, or cognitive status. These criteria ensured a
more controlled study population, minimizing potential influences on HRV unrelated to
autonomic function. This baseline selection process was crucial in refining our specific 12 sex-,
age-, and procedure-matched pairings.

The HRV data for this study was obtained using eCardioWatch 287 wristbands from the HiPPIE
study, which continuously monitored preoperative HRV over a 24-hour period. However, the
most valuable data came from overnight readings taken at home, as these recordings had less
movement-related noise and provided clearer HRV measurements. Since body movement can
cause fluctuations in heart rate and impact HRV analysis, prioritizing sleep-stage timeframes
allowed for a more accurate assessment of autonomic function. However, because specific sleep
stages could not be distinguished, only HRV measures that were robust to non-REM sleep were
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considered. Additionally, entropic and long-range detrended fluctuation analyses were applied to
further refine the data. To minimize the inclusion of awake or REM sleep data, which can
introduce noise and extreme HRV values, the median HRV measure across all analysis windows
for each selected night and participant was used. This approach ensured a more reliable
assessment of autonomic function by focusing on the most stable and physiologically relevant
HRYV readings.

Initially, our matched pairs consisted of 12 groups, which should have included 24 participants.
However, due to procedural limitations, only 23 individuals were recruited. One
White/Caucasian American participant was matched with two Black/African Americans
participants because of difficulties in finding exact procedural matches. Despite recruiting 24
participants for the matched pairs, data inconsistencies ultimately led to a reduction in the final
sample size. Among the matched participants, only 19 individuals had sufficient and identifiable
HRYV data for analysis. Two participants, one from the White/Caucasian control group and one
from the Black/African Americans experimental group, had incomplete overnight HRV readings.
Although their wearable devices recorded some HRV data, the readings were inconsistent and
fragmented, making them unsuitable for analysis. In some cases, only four 15-minute intervals
were recorded throughout the night, which was insufficient for meaningful HRV assessment,
even with more flexible data inclusion criteria. Because these participants were from different
matched pairs, two pairs had to be removed from the final dataset

While this reduction in sample size posed challenges, the study still successfully collected HRV
metrics from the majority of the matched participants. Data analysis was conducted by
comparing both the matched pairs and broader racial groups. Paired t-tests were used to examine
fractionation patterns while controlling for potential confounders. This approach ensured that
observed differences in HRV were reflective of autonomic function rather than external
variables, thereby strengthening the validity of the findings.

TOPIC 4: DATA ANALYSIS
HRYV Metrics Background:

HRYV data collection and analysis adhered to the Guidelines for Reporting Articles on Psychiatry
and Heart Rate Variability (GRAPH) to ensure methodological rigor and consistency. HRV
metrics were analyzed using both time-domain, frequency-domain and hemodynamic metrics
methods, are standard approaches for quantifying variability in inter-beat interval (IBI)
measurements. The IBI, representing the time between successive heartbeats, was expressed in
original units or logarithmic transformations where appropriate (Sookan & McKune, 2012).

Time-domain HRV was assessed using standard statistical measures, including the standard
deviation of R-to-R intervals (SDRR) and the root mean square of successive differences
(RMSSD) between adjacent IBIs. Although the standard deviation of normal-to-normal beats is



Minaya 21

more commonly used, SDRR provided a clearer representation of overnight data, as indicated by
the Kubios HRV software. These metrics offer insights into overall HRV and short-term
parasympathetic activity, respectively. The use of R-R interval analysis allowed for a more
refined evaluation of overnight autonomic activity, which is particularly relevant in studies
examining sleep-related cardiovascular function. Data were analyzed in their original units, with
conversions applied where necessary to maintain consistency across datasets.

Frequency-domain HRV analysis involved decomposing HRV data into four spectral bands:
ultra-low frequency (ULF), very-low frequency (VLF), low frequency (LF), and high frequency
(HF), reflect distinct physiological processes and autonomic nervous system activity. Given the
variability observed in overnight HRV data, only the LF and HF bands were interpreted in this
study, as they are most relevant for assessing autonomic balance (Shaffer & Ginsberg, 2017).
Despite this limitation, the LF and HF bands provided valuable insights into autonomic
fluctuations, illustrating the dynamic interplay between sympathetic and parasympathetic
regulation in maintaining cardiovascular homeostasis.

Examining hemodynamic metrics such as mean arterial pressure (MAP), systolic blood pressure
(SBP), diastolic blood pressure (DBP), and pulse pressure (PP) alongside HRYV is critical for
understanding autonomic regulation, cardiovascular adaptability, and the effects of chronic
stress. Integrating these measures enables the identification of autonomic fractionation and
provides critical insights into cardiovascular dysfunction, particularly in high-risk populations,
and informs personalized interventions to improve health outcomes.

HRYV signal processing, artifact removal, and spectral analysis were conducted using custom
MATLAB scripts (The MathWorks Inc., version 24.1.0 (r2024a), Natick, Massachusetts),
Python (version 3.12.0), and the Kubios HRV Scientific analysis platform (version 4.1.0,
Kuopio, Finland). These tools ensured data accuracy and methodological consistency. The
processed data were further analyzed and visualized using Microsoft Excel 2025, facilitating
clear graphical representation and statistical interpretation. Graphical visualization allowed for a
comprehensive overview of HRV trends, improving the identification of autonomic patterns and
anomalies. By employing a rigorous analytical framework and leveraging multiple software
platforms, this study ensured a methodologically sound and comprehensive assessment of HRV,
contributing to a more precise understanding of autonomic function and its implications in
psychiatric and cardiovascular research.

Time Domain Metrics of HRV

HRYV analysis in the time domain provides a straightforward yet powerful method for assessing
autonomic nervous system function by quantifying the variance in IBIs using statistical measures
across different time scales (Shaffer & Ginsberg, 2017). The fundamental principle underlying
this approach is that longer IBIs reflect more time between consecutive heartbeats,
corresponding to a lower heart rate, while shorter IBIs indicate less time between beats and a
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higher heart rate. To obtain the most comprehensive physiological insights, researchers typically
examine HRV across both short-term intervals (10-15 minutes) and extended 24-hour periods, as
each timeframe offers distinct advantages.

Short-term HRV measurements, typically recorded over 10-15 minute segments, provide a
focused snapshot of autonomic nervous system dynamics at a specific moment in time. These
brief recordings are particularly valuable for examining the complex interplay between the SN'S
and parasympathetic PNS nervous systems, as well as specific physiological mechanisms like
respiratory sinus arrhythmia (RSA). RSA represents the natural variation in heart rate that occurs
during the breathing cycle, mediated primarily through vagal activity, and is closely tied to the
baroreceptor reflex system that provides negative feedback control of blood pressure (Shaffer &
Ginsberg, 2017).

In contrast, 24-hour HRV monitoring captures the body's slower circadian rhythms and
responses to a wider range of daily activities and stressors, making it the clinical gold standard
for comprehensive autonomic assessment. While both short-term and 24-hour analyses use
identical mathematical formulas for calculating HRV metrics, they serve different physiological
purposes and should not be used interchangeably (Kuusela, 2013). The extended duration of 24-
hour recordings allows for observation of slower regulatory processes and more robust statistical
analysis, though short-term measurements remain valuable for specific experimental or clinical
applications where immediate autonomic responses are of interest.

In the current study, initial data organization involved segmenting HRV recordings into 15-
minute intervals to assess data quality and availability. However, primary analysis focused on
overnight 24-hour recordings due to their greater clinical relevance and predictive power. The
time-domain approach to HRV analysis encompasses several standardized metrics, including the
standard deviation of NN intervals (SDNN), standard deviation of RR intervals (SDRR),
standard deviation of the averages of NN intervals (SDANN), root mean square of successive
differences (RMSSD), percentage of NN intervals differing by more than 50 ms (pNN50), and
the HRV triangular index (HTT).

For this investigation, particular emphasis was placed on SDRR and RMSSD as primary
outcome measures, as these widely used metrics facilitate comparisons across studies when
recording conditions are properly standardized (McCraty, 2015). The SDRR represents the
standard deviation of all normal RR intervals (the time between successive R-waves on an
electrocardiogram, equivalent to IBIs) and serves as a global measure of overall HRV (Sookan &
McKune, 2012). Expressed in milliseconds, SDRR reflects the combined influence of both
sympathetic and parasympathetic branches of the autonomic nervous system on heart rate
regulation. Higher SDRR values typically indicate greater autonomic flexibility and
cardiovascular health, while reduced SDRR may suggest autonomic dysfunction, chronic stress,
or increased cardiovascular risk. Despite its clinical utility, SDRR has certain limitations, as it
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cannot distinguish between sympathetic and parasympathetic contributions to HRV, and its
accuracy can be compromised by recording artifacts or ectopic beats.

The RMSSD metric provides complementary information by specifically quantifying short-term,
beat-to-beat variability through the calculation of the square root of the mean squared differences
between successive RR intervals. This measure is particularly sensitive to parasympathetic
(vagal) influences on heart rate, making it an excellent indicator of the body's capacity for
relaxation and recovery. Elevated RMSSD values generally reflect strong vagal tone and
physiological resilience, while diminished values may indicate stress, fatigue, or impaired
autonomic function. The clinical and research utility of RMSSD is evidenced by its appearance
in nearly 1,000 studies, with strong correlations observed between 24-hour RMSSD values and
other parasympathetic indicators in spectral analysis (Ciccone et al., 2017). While conventional
HRYV analysis recommends minimum recording durations of 5 minutes for reliable RMSSD
calculation, extended recordings (particularly 24-hour monitoring) remain the reference standard
for comprehensive autonomic assessment, as they account for the full range of physiological
states encountered throughout daily activities and sleep.

Frequency Domains

Frequency-domain analysis of HRV provides critical insights into autonomic nervous system
regulation by decomposing heart rate oscillations into distinct spectral components. The
European Society of Cardiology and North American Society of Pacing and Electrophysiology
(1996) established four primary frequency bands. However, this study focused exclusively on HF
and LF bands due to methodological challenges in obtaining reliable VLF and ULF
measurements, even during 24-hour recordings, and limitations imposed by sample size
constraints.

The HF component (0.15-0.40 Hz), corresponding to rhythms between 2.5-7 seconds, serves as a
well-validated marker of parasympathetic activity through its association with RSA. This
physiological phenomenon manifests as heart rate acceleration during inhalation (due to transient
parasympathetic withdrawal) and deceleration during exhalation (via vagal restoration) (Adjei,
2019). HF power therefore represents a robust indicator of vagally-mediated cardiac control,
with higher values reflecting greater parasympathetic tone and cardiovascular resilience.

The LF band (0.04-0.15 Hz), encompassing 7-25 second oscillations, reflects more complex
autonomic regulation involving both sympathetic and parasympathetic influences. While often
associated with baroreflex-mediated blood pressure control (~0.1 Hz), its physiological
interpretation requires caution. Contrary to earlier assumptions, LF power does not exclusively
represent sympathetic activity, as approximately 50% of its variability originates from
parasympathetic sources (Shaffer et al., 2014). This dual autonomic contribution, combined with
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posture-dependent modulation (e.g., increased sympathetic influence during orthostatic stress),
necessitates contextual interpretation of LF measurements.

The controversial LF/HF ratio, historically proposed as an index of sympathovagal balance
demonstrates significant limitations in clinical application (Pagani et al., 1984). Current evidence
challenges this simplistic interpretation due to: (1) the mixed autonomic origins of LF power, (2)
non-reciprocal PNS-SNS interactions, and (3) poor correlation between short-term (5-minute)
and 24-hour LF/HF ratios (Shaffer & Zerr, 2014). While elevated ratios may indicate
sympathetic predominance during acute stress, their utility as standalone autonomic balance
markers remains questionable.

Methodologically, all frequency-domain metrics derive from power spectral density (PSD)
analysis of NN intervals, yet no consensus exists regarding optimal PSD estimation techniques
(McNames & Aboy). This methodological variability, particularly impactful in brief or irregular
recordings, underscores the importance of transparent reporting in HRV studies. For
comprehensive autonomic assessment, researchers should integrate frequency-domain metrics
with time-domain analyses (e.g., RMSSD, SDNN) while controlling for respiratory parameters,
physical activity, and circadian influences to ensure physiologically meaningful interpretation
(Matusik et al., 2024). Future standardization of PSD methodologies and larger-scale validation
studies could enhance the reliability and clinical utility of frequency-domain HRV measures
across diverse populations and recording conditions.

Hemodynamic Metrics

Examining hemodynamic metrics such as MAP, SBP, DBP, and PP alongside HRV is essential
for understanding cardiovascular-autonomic regulation and overall cardiovascular health. HRV
reflects ANS activity, specifically the balance between sympathetic and parasympathetic
regulation. Low HRV is typically associated with sympathetic dominance, which can lead to
increased vascular resistance, higher BP, and greater cardiovascular strain. By measuring MAP,
SBP, DBP, and PP alongside HRV, researchers can determine whether autonomic dysfunction is
contributing to elevated cardiovascular risk and poorer health outcomes.

One of the key reasons for integrating these metrics is to identify patterns of autonomic
fractionation. Normally, high HRV corresponds with lower BP, indicating healthy autonomic
flexibility and cardiovascular adaptability (Larsen, 2009). However, in autonomic fractionation,
high HRV paradoxically coexists with elevated BP, suggesting maladaptive cardiovascular
control rather than resilience. This phenomenon challenges traditional interpretations of HRV as
a purely beneficial marker of cardiovascular health. Measuring MAP, SBP, DBP, and PP
alongside HRV helps confirm whether fractionation is occurring and provides insights into its
clinical significance and potential consequences (Door, 2007).
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Each of these blood pressure components offers unique insights into cardiovascular function.
MAP represents overall tissue perfusion pressure and is a key measure of systemic circulatory
efficiency. SBP reflects the pressure exerted during heart contraction, while DBP indicates
resting arterial pressure. The relationship between these measures and HRV helps assess vascular
compliance and autonomic integrity. Additionally, PP, calculated as SBP - DBP, serves as an
indicator of arterial stiffness, a strong predictor of CVD and mortality. These metrics, when
examined together, provide a comprehensive picture of cardiovascular health beyond what HRV
alone can reveal.

Monitoring these cardiovascular markers together allows for a holistic approach to understanding
the physiological consequences of chronic stress, particularly in marginalized populations that
may face disproportionate cardiovascular risks. By integrating HRV with these blood pressure
measures, researchers can gain a nuanced understanding of autonomic regulation, identify
atypical cardiovascular patterns, and develop personalized interventions to improve health
outcomes in high-risk populations.

Table 5: HRV Metrics

HRY Metrics
HRYV measure Abbr. Definition Interpretation
Reflect 11 HR total
. Standard deviation of © ec. s‘overa Vand o.a
Standard Deviation autonomic input to the heart. Higher
SDRR all normal R-R . .
of R-to-R ) values indicate greater autonomic
intervals e
flexibility.
S t of th L :
quate Toot o% the Primarily reflects parasympathetic
mean squared .
Root Mean Square ) (vagal) tone. Sensitive marker of
. RMSSD | differences between
of Successive . short-term HRV and stress recovery
successive R-R capacit
intervals pactty.
Frequency of peak Admixturhe of ‘parasympathetic and
sympathetic drive above 0.07 Hz and
Low frequency spectral power o e
LF peak sympathetic drive alone indicating
peak between 0.04 and .
0.15 Lz parasympathetic withdrawal below
' 0.07 Hz
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Respiratory-driven, ecologically
manifest resonance frequency
between baroreceptors and heart rate

Frequency of peak oscillations. Greater HF peak
High frequency HF peak spectral power frequency reflects baroreceptors
peak between 0.15 and 0.4 tuned to higher respiratory rates,
Hz interpreted as greater autonomic

restlessness with capacity for balance
between sympathetic and
parasympathetic components

Controversial metric sometimes used

. . indicator of th 1
Low Frequency/ LE/HF Ratio of power in low as mdicator ot sympathovaga

High Frequency ratio frequency to high
Ratio frequency bands

balance. Higher values may suggest
sympathetic dominance, but
interpretation requires caution due to
overlapping autonomic influences.

Table 5: HRV Metrics provides an overview of key heart rate variability (HRV) measures,
including their abbreviations, definitions, and physiological interpretations. These metrics help
assess autonomic nervous system function, with some reflecting overall HRV (e.g., SDRR),
parasympathetic activity (e.g., RMSSD, HF peak), and sympathetic-parasympathetic balance
(e.g., LF peak, LF/HF ratio). Understanding these parameters is crucial for evaluating
cardiovascular health, stress response, and autonomic regulation.

TOPIC 5: RESULTS

HRYV data were collected using the eCardioWatch 287 wristband and analyzed using Kubios
HRYV Premium software, which processed and organized raw physiological recordings.
Preoperative HRV data were obtained within a 3—15-day window before surgery, with an initial
target of five continuous days of recordings per participant. Due to recruitment constraints, the
actual recording period varied, resulting in some participants contributing five full days of 24-
hour data while others provided approximately three days. To ensure consistency, the analysis
focused on the night closest to surgery that met predefined quality criteria: at least 50% of
expected RR intervals (=9,000 intervals, assuming a mean heart rate of 60 bpm during midnight—
5:00 AM). If the nearest night did not meet this threshold, earlier nights were evaluated
sequentially until a qualifying segment was identified, or the 30-day preoperative limit was
reached. Two participants were excluded due to insufficient usable data for matched
comparisons.

Time-varying HRV analysis was performed using an automated Python script integrated with
Kubios, employing 10-minute sliding windows with 50% overlap. Each window was assessed
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for data quality, requiring >80% effective data presence and a beat correction rate <10%. Across
paired participants, the average effective data presence was 96.40% (+2.88%), indicating strong
signal integrity. However, the number of usable time points varied widely (range: 25-835; mean:
231.82), reflecting differences in recording duration and quality. Participants with longer
continuous recordings contributed more analyzable segments, while those with shorter datasets
imposed stricter temporal sampling constraints. Additionally, the beat correction percentage,
quantifying adjustments for ectopic beats or artifacts, was minimal (mean: 2.10% + 1.50%),
further supporting the reliability of derived HRV metrics.

This comprehensive analysis examined autonomic nervous system function in older
Black/African Americans patients compared to carefully matched White/Caucasian American
controls prior to major surgery, with particular focus on autonomic fractionation, where HRV
measures dissociate from expected cardiovascular dynamics. The findings reveal a clinically
significant autonomic profile in Black/African Americans patients that challenges conventional
assumptions about cardiovascular risk markers in this population.

Notably, Black/African Americans patients exhibited higher but more variable HRV values
across key parameters. The SDRR intervals in Black/African Americans patients were nearly
double those of White/Caucasian controls, though this difference did not reach statistical
significance (likely due to sample size limitations). More striking was the extreme variability
observed among Black/African Americans patients. Similarly, RMSSD showed higher mean
values but dramatically greater variability in Black/African Americans patients, with borderline
statistical significance that may nonetheless reflect clinically meaningful differences. These
patterns suggest autonomic instability rather than simple dysfunction, potentially indicating
compensatory vagal overactivation in response to chronic cardiovascular stress, impaired
sympathetic-parasympathetic integration, or early neurodegenerative changes affecting central
autonomic control.

Blood pressure metrics revealed related abnormalities, with Black/African Americans patients
displaying wider pulse pressures, indicative of increased arterial stiffness and heterogeneous
vascular aging (Figure 1). A statistically significant difference emerged in diastolic blood
pressure, with Black/African Americans patients exhibiting both lower values and greater
variability, suggesting reduced vascular compliance and advanced arterial stiffening. In contrast,
White/Caucasian American controls demonstrated lower and more tightly distributed systolic
and pulse pressure values (Figure 2). While diastolic and mean arterial pressures were similar
between groups, the narrower pulse pressure spread in White/Caucasian participants suggests
differences in vascular health and elasticity.

The combination of elevated but variable HRV with these hemodynamic markers points to
cardiovascular-autonomic dysregulation, which may help explain the elevated cardiovascular
risk observed in older Black/African Americans adults despite seemingly favorable HRV



Minaya 28

metrics. Frequency domain analysis further revealed that the low-frequency to high-frequency
ratio in Black/African Americans patients was approximately half that of White/Caucasian
controls, contradicting expectations of sympathetic predominance in high-risk populations. This
may reflect respiratory influences inflating high-frequency power, genuine baroreflex
impairment reducing low-frequency oscillations, or race-specific autonomic patterning diverging
from established norms.

These findings suggest that current HRV interpretation frameworks may require race-specific
adjustments, as traditional healthy ranges might not apply equally across populations. The
observed autonomic-cardiac dissociation could help explain why some Black/African Americans
patients experience poorer surgical outcomes despite normal autonomic testing.

Figure 1: Distribution of Blood Pressure Metrics in Black/African Americans Patients
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Figure 1: Illustrates the distribution of blood pressure metrics in Black/African Americans
patients. The systolic blood pressure appears higher on average, with a wider range compared to
other metrics. The pulse pressure in this group also exhibits significant variability, as indicated
by the extended whiskers and outliers.
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Figure 2: Distribution of Blood Pressure Metrics in White/Caucasian American Patients
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Figure 2: Presents blood pressure metrics for White/Caucasian American patients. Compared to
the first figure, the systolic and pulse pressure values appear to be lower and more tightly
distributed. While diastolic and mean arterial pressure values are relatively similar between both
groups, the narrower spread in pulse pressure suggests potential differences in vascular health
and elasticity.

Discussion

This study examined autonomic nervous system function in older Black/African Americans
(B/AA) patients compared to age-, sex-, and procedure-matched White/Caucasian American
(WCA) controls, with a particular focus on identifying patterns of autonomic fractionation, the
dissociation between HRV measures and expected cardiovascular dynamics. The findings
revealed a complex autonomic profile characterized by paradoxically elevated but highly
variable HRV measures, coupled with markers of vascular dysfunction (Table 6).

Consistent with prior research, we hypothesized that Black/African Americans (B/AA) patients
would exhibit elevated RMSSD and SDRR, reflecting autonomic fractionation. Our findings
confirmed significantly higher HRV in B/AA patients, with mean SDRR values nearly double
those of White/Caucasian American (WCA) patients (40.29 ms + 29.36% vs. 21.95 ms £ 9.53%,
p = 0.124). Although statistically nonsignificant, the markedly higher coefficient of variation
(CV >29%) in the B/AA group suggests substantial interindividual variability—a potential
marker of autonomic instability. A parallel trend emerged for RMSSD, with B/AA patients
demonstrating elevated values (50.37 ms + 42.63%) compared to CA patients (22.29 ms +
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8.78%, p = 0.092). While these differences fall short of conventional significance thresholds,
their magnitude and the pronounced variability in B/AA patients imply heightened autonomic
reactivity, possibly indicative of underlying cardiovascular-autonomic dysregulation.

Table 6: Matched-Pair Comparisons of HRV & Hemodynamics Metrics

Matched Paired HRV Metrics
. Clinical
Metric B/AA Mean (x%CV) | CA Mean (z%CV) | p-value ..
Implication
table autonomi
SDRR (ms) 40.29 (£29.36%) 21,95 (49.53%) | 0.124 | Unstableautonomic
regulation
El t t ti
RMSSD (ms) | 50.37 (+42.63%) 2229 (+8.78%) | 0.092 evated but erratic
vagal tone
Reduced
LF/HF Ratio |  0.789 (+0.383%) 1.653 (£1.387%) | 0.081 sympathetic
dominance
Pulse
Arterial stiffness i
Pressure 64.50 (£18.52%) 5450 (£12.64%) | 0.188 f e“aB/s Al Aness n
(mmHg)
Diastolic BP Poor vascular
. +10.289 . +8.00° .
(mmHe) 69.90 (+10.28%) TS0 ERO0%) | 0029 | o e in BIAA

Table 6: Demonstrates a comparison of heart rate variability (HRV) and hemodynamic metrics
between Black/African American (B/AA) and Caucasian American (CA) individuals. While
most differences in HRV metrics were not statistically significant, trends suggest variations in

autonomic regulation and vascular function. A significant difference in diastolic blood pressure

(p = 0.029) indicates potential disparities in vascular health between groups.
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These autonomic differences were paralleled by distinct hemodynamic profiles. B/AA patients
exhibited a higher pulse pressure (64.50 mmHg £18.52%) than CA patients (54.50 mmHg
+12.64%, p = 0.114), a nonsignificant trend aligning with broader evidence of accelerated
vascular aging in this population. Pulse pressure, a well-established proxy for arterial stiffness,
suggests that B/AA patients may experience greater vascular resistance and reduced arterial
elasticity—key contributors to their elevated cardiovascular disease burden. Notably, the greater
pulse pressure variability in B/AA patients (CV 18.52% vs. 12.64%) further underscores
heterogeneity in vascular function, likely mediated by genetic, environmental, and
socioeconomic factors.

Strikingly, diastolic blood pressure (DBP) was significantly lower in B/AA patients (69.90
mmHg £10.28%) versus CA patients (78.50 mmHg +8.00%, p = 0.029). This divergence,
coupled with higher DBP variability in B/AA patients (CV 10.28% vs. 8.00%), strongly implies
reduced vascular compliance and advanced arterial stiffening. Clinically, lower DBP may reflect
impaired vasomotor regulation, predisposing to end-organ hypoperfusion and ischemic risk—
particularly in the context of comorbid hypertension or metabolic disease.

When integrated, these findings reveal a paradoxical dissociation: B/AA patients demonstrated
both elevated HRV (traditionally cardioprotective) and markers of vascular dysfunction (e.g.,
widened pulse pressure, arterial stiffening) (Figure 3). This contrasts sharply with conventional
models, where higher HRV correlates with vascular health. In CA patients, the expected inverse
relationship held—lower HRV aligned with moderate pulse pressure, consistent with typical
autonomic-cardiovascular coupling. The atypical pattern in B/AA patients suggests race-specific
autonomic-vascular uncoupling, potentially driven by chronic stress, epigenetic modifications, or
differential autonomic adaptation to cardiovascular load.

Frequency domain analysis revealed unexpected autonomic patterns in B/AA patients. The low
frequency to high frequency (LF/HF) ratio in B/AA patients was found to be significantly lower,
with a value of 0.789 + 0.383%, which was approximately half of that observed in W/CA)
patients, who had a ratio of 1.653 £+ 1.387% (p = 0.081). This discrepancy contradicts the
common assumption that sympathetic predominance is more pronounced in high-risk
populations such as African Americans. The reduced LF/HF ratio in B/AA patients may reflect
either impaired baroreflex function, indicated by the reduction in LF power, or an alternative
autonomic regulation pattern that is specific to this population. These findings suggest that
traditional interpretations of autonomic function based on LF/HF ratios may not apply
universally across different racial groups, highlighting the need for more nuanced approaches to
understanding autonomic regulation in diverse populations.

Further analysis of frequency domain metrics provided additional insights into the potential
mechanisms underlying this phenomenon. Although the observed LF/HF ratio in B/AA patients
was significantly lower than in CA controls, the difference did not reach statistical significance
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(p = 0.081). This finding calls into question the general assumption that sympathetic dominance
is a defining characteristic of high-risk populations, particularly in the case of B/AA patients.
The lower LF/HF ratio in this group may suggest several possible explanations. First, respiratory
influences may be artificially elevating high frequency (HF) power, masking the true autonomic
state. Second, genuine baroreflex impairment could be reducing LF oscillations, thereby
decreasing the LF/HF ratio. Lastly, this pattern may reflect race-specific autonomic regulation
that differs from established norms, pointing to the possibility that B/AA patients exhibit a
distinct autonomic phenotype that requires further exploration. Additionally, the extreme
variability in the LF/HF ratio between the two groups further complicates interpretation. The
coefficient of variation for CA patients was 1.387%, while for B/AA patients, it was much lower
at 0.383%. This considerable variability suggests that the LF/HF ratio may have different clinical
implications across racial groups, potentially pointing to variations in autonomic control that are
influenced by race.

Figure 3: RMSSD compared to Pulse Pressure by Race
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Figure 3: Illustrates racial differences in autonomic function and blood pressure dynamics, with
B/AA participants exhibiting higher RMSSD (50.37 ms + 42.63%) than CA participants (22.29
ms + 8.78%), suggesting greater autonomic variability and potential instability. B/AA
participants also had a higher pulse pressure (64.50 mmHg + 18.52% vs. 54.50 mmHg +
12.64%), which may contribute to autonomic dysregulation. The scatter plot shows a modest
positive correlation between RMSSD and pulse pressure in B/AA participants (R? = 0.0806),
whereas CA participants exhibited little to no relationship (R* = 0.0069). Although the RMSSD
difference approached statistical significance (p = 0.092), and pulse pressure differences were
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not significant (p = 0.188), diastolic blood pressure was significantly lower in B/AA participants
(p =0.029).

The scatterplot analysis of RMSSD versus pulse pressure reveals a physiologically significant
pattern among older B/AA adults, demonstrating a weak correlation that suggests distinct
decoupling between HRV and arterial stiffness. These finding challenges conventional
cardiovascular paradigms by contradicting two established assumptions: first, that elevated HRV
universally indicates robust autonomic function and cardiovascular health, and second, that HRV
metrics alone adequately characterize cardiovascular risk across populations. The coexistence of
high HRV with increased arterial stiffness in B/AA adults questions the cardioprotective
interpretation of HRV in this population and highlights the necessity for race-specific autonomic
assessment frameworks. Importantly, this dissociation identifies a clinically relevant subgroup
where conventional HRV interpretation fails to predict outcomes accurately—a crucial
consideration for refining cardiovascular risk stratification protocols. These findings carry
immediate implications for preoperative risk stratification, particularly given the reliance on
autonomic markers like HRV in perioperative evaluations. Current protocols may inadvertently
misclassify high-risk B/AA patients as having normal autonomic function when elevated HRV
coexists with vascular dysfunction, potentially explaining observed disparities in surgical
outcomes. This diagnostic gap underscores the need to integrate vascular-autonomic coupling
assessments into preoperative screening, which would enable clinicians to better identify
vulnerable patients who might benefit from intensified perioperative monitoring or tailored
hemodynamic optimization strategies. Such an approach would represent a significant
advancement in precision medicine for surgical populations with health disparities. Beyond the
surgical context, these findings necessitate a fundamental reconsideration of autonomic
physiology across racial groups, particularly regarding three key issues.

Existing HRV normative values, predominantly derived from White populations, may lack
validity for B/AA patients, potentially leading to clinical misinterpretation. The decoupled HRV-
arterial stiffness relationship may represent either compensatory autonomic adaptation or early
dysregulation, a distinction with important prognostic implications. Furthermore, standard
autonomic testing workflows may require modification to incorporate concurrent vascular
evaluation when assessing B/AA patients. These considerations strongly suggest that a universal
approach to autonomic assessment risks overlooking critical race-specific risk patterns that could
inform more personalized care strategies. The observed autonomic-vascular dissociation also
raises important questions about current autonomic rehabilitation paradigms, as traditional
approaches emphasizing vagal enhancement through breathing exercises or biofeedback may
require reevaluation for B/AA patients given their potentially different physiological patterns.
Future research should investigate whether race-specific rehabilitation protocols could more
effectively restore normal autonomic-vascular coupling, whether targeted interventions might
differentially impact sympathetic-parasympathetic balance across racial groups, and whether
earlier intervention in subclinical autonomic dysfunction could mitigate long-term cardiovascular
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risks. Such investigations could pave the way for more effective, personalized approaches to
autonomic regulation in high-risk populations. Ultimately, this study identifies a critical gap in
cardiovascular risk assessment by demonstrating that conventional HRV interpretation fails to
account for race-specific autonomic-vascular interactions in B/AA adults. The dissociation
between HRV and arterial stiffness challenges existing paradigms while highlighting
opportunities to develop race-conscious assessment protocols, refine risk prediction models, and
design targeted interventions. Future research should explore the mechanisms underlying this
autonomic patterning, its prognostic significance, and potential therapeutic implications to
advance more equitable cardiovascular care that recognizes fundamental physiological
differences across populations.

Limitations

This study has several important limitations that warrant careful consideration. First, while the
parent HiPPIE study's use of brief cognitive measures facilitated recruitment of a diverse sample
with low dropout rates, this approach limited the depth of cognitive assessment during follow-up.
Second, although batch analysis of baseline biomarkers will reduce measurement variability, it
delays access to individual results, a tradeoff between methodological rigor and clinical utility.

The statistical findings must be interpreted with particular caution. The borderline significance of
key comparisons (p-values 0.081-0.124) suggests possible underpowering to detect clinically
meaningful differences. Our modest sample size, compounded by examination of multiple HRV
parameters, elevates the risk of Type II errors. This concern is amplified by the extreme
variability observed in the Black/African Americans group (CVs >29% for most measures),
which would require substantially larger cohorts to achieve adequate power for between-group
comparisons.

Methodological constraints introduce additional limitations. Our reliance on short-term HRV
recordings, rather than 24-hour monitoring, may have missed important circadian autonomic
variations that could differ by race. The lack of respiratory rate control represents another
significant limitation, as this variable directly influences HF power and RMSSD measurements.
While we adhered to Task Force guidelines, the absence of standardized spectral analysis
protocols may have introduced variability in frequency domain measures—particularly affecting
the reliability of our LF/HF ratio findings.

Several potentially confounding factors could not be fully addressed in our analysis. Medication
effects (including beta-blockers, ACE inhibitors, and anticholinergics), comorbid conditions
(such as diabetes or subclinical atherosclerosis), and socioeconomic factors (including chronic
stress exposure) were not uniformly controlled. Physical activity levels, fitness status, sleep
quality, and breathing disorders—all known to influence autonomic function—similarly could
not be comprehensively accounted for in this study design.
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The paradoxical nature of our findings presents unique interpretational challenges. The
observation of elevated HRV alongside vascular dysfunction contradicts conventional autonomic
paradigms, suggesting current HRV frameworks may not adequately capture racial differences in
autonomic regulation. The clinical significance of high-but-variable HRV remains unclear, and
the well-documented limitations of the LF/HF ratio as a sympathovagal balance indicator further
complicate interpretation. These findings underscore the need for more focused investigation into
the mechanisms of autonomic-cardiac decoupling in diverse populations.

Finally, the generalizability of our findings may be constrained by our specific study population.
As we examined older surgical candidates, results may not extend to younger Black/African
Americans adults, non-surgical patients, community-dwelling elders, or other racial groups.
These collective limitations highlight the need for cautious interpretation and identify critical
avenues for future research in autonomic function disparities.

Future Directions

Future research should systematically investigate whether older Black/African Americans
surgical patients experience autonomic fractionation—a phenomenon where heart rate variability
(HRV) remains elevated despite indicators of cardiovascular compromise. This inquiry grows
increasingly relevant as wearable devices for cardiovascular monitoring become more prevalent
among older adults. To validate these findings, studies should expand the matched-pair cohort
size and incorporate continuous blood pressure monitoring throughout the perioperative period.
Confirmation of autonomic fractionation could significantly impact clinical practice, particularly
in guiding intraoperative fluid management and vasopressor administration, potentially leading
to more personalized anesthetic approaches for this population.

The investigation of autonomic function holds particular importance for understanding
postoperative delirium (POD), a serious complication affecting up to 50% of older surgical
patients. POD not only carries substantial healthcare costs but also accelerates progression to
Alzheimer's disease and related dementias. Given the urgent need to identify modifiable risk
factors, future studies should examine how preoperative autonomic function, particularly vagal
tone, influences POD development. Common preoperative stressors—including dehydration,
environmental changes, and anxiety—can suppress vagal tone, potentially triggering a cascade of
neuroinflammatory responses through impaired cholinergic anti-inflammatory pathways. This
mechanistic understanding could reveal new opportunities for POD prevention.

Emerging interventions like vagus nerve stimulation (VNS) show promise for mitigating
postoperative cognitive decline by enhancing vagal tone. However, prior to clinical
implementation, rigorous research must establish the relationship between preoperative
autonomic function and POD risk. Such investigations could provide critical insights into the
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autonomic mechanisms linking surgery to cognitive decline—a pressing public health concern as
approximately 1 in 7 older Americans will undergo major surgery in the coming years.

Our study reveals a distinctive autonomic profile in older Black/African Americans surgical
patients that challenges conventional HRV interpretation. These patients exhibited markedly
higher but more variable HRV metrics compared to White/Caucasian counterparts (SDRR: 40.29
vs. 21.95 ms; RMSSD: 50.37 vs. 22.29 ms), alongside indicators of vascular dysfunction
including elevated pulse pressure (64.50 vs. 54.50 mmHg) and reduced diastolic blood pressure
(69.90 vs. 78.50 mmHg, p=0.029). This paradoxical combination suggests autonomic-cardiac
decoupling—a finding with significant clinical implications.

The dissociation between autonomic and vascular metrics indicates that standard HRV
interpretation may require population-specific adjustments, particularly for preoperative risk
assessment. The observed pattern of elevated HRV with arterial stiffness markers may identify a
high-risk subgroup needing tailored hemodynamic management. These findings underscore the
necessity of comprehensive cardiovascular evaluation in diverse geriatric populations, as reliance
on HRV alone could yield incomplete risk stratification.

While these findings are compelling, several limitations must be acknowledged. Sample size
constraints may have limited power to detect clinically meaningful differences, and we could not
fully account for cardiovascular medication effects on autonomic metrics. Additionally, short-
term HRV recordings may not capture important circadian variations that could differ between
groups. Future research should prioritize: larger prospective studies with 24-hour HRV
monitoring, comprehensive vascular assessments paired with pharmacological autonomic
blockade, investigation of genetic and environmental modifiers, and evaluation of targeted
interventions (e.g., stress reduction, exercise) for autonomic regulation

The relationship between blood pressure variability and HRV suppression in Black/African
Americans patients warrants particular attention, as increased HRV variability may represent
maladaptive autonomic instability rather than healthy flexibility in the context of vascular
dysfunction. This challenges the universal application of conventional HRV interpretation across
racial groups.

Ultimately, these findings highlight the need for more nuanced understanding of autonomic
physiology in diverse populations. By integrating longitudinal data, advanced physiological
monitoring, and psychosocial measures, future research can elucidate the complex interplay
between autonomic function, cardiovascular health, and racial disparities in surgical outcomes.
Such investigations will be crucial for developing equitable, precision approaches to
perioperative care.
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