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Learn’ Understand Apply

1. Understand Heart Rate Variability as a physiological measure
2. What can we learn from Heart Rate Variability?

3. Can Heart Rate Variability be applied in the Tactical Environment to Evaluate Readiness?
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Is this Readiness?

Military training and operations = High Physical and Mental Demands
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e U.S. Department of Defense (DoD):

“Readiness is the ability of the military to fight and meet
the demands of assigned missions”

» Principal focus on the warfighter and includes the following:
e Building Readiness: Initial training, testing, and proper resourcing

https://crsreports.congress.gov
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“Here are four basic research questions that demonstrate
the depth of our lack of understanding:

(1) What are the baseline physical attributes that
constitute combat readiness?

(2) What are the frequency, duration, and intensity of
training required to illicit these physical attributes?

(3) What fitness measures best assess these physical
attributes?

(4) What resources (trainers, facilities, and equipment)
are required to facilitate acquisition of these physical
attributes in a timely manner while mitigating
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Holistic Health and Readiness System
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Optimal Physical Performance + Optimal Mental Performance

Heart Engine Brain
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Physical Resilience/Readiness: physical flexibility, endurance, strength, power and agility (Sleep and
Nutrition)

Mental Resilience/Readiness: focus, attention, mental flexibility, and ability to integrate information
and different points of view

Emotional Resilience/Readiness: self-regulation, emotional flexibility, positive outlook and
supportive relationships

Spiritual Resilience/Readiness: commitment to core values, intuition and tolerance for others and
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e The heartis the first organ to develop form and become functional
e Originates about day 18 or 19 in the developing infant
» Emphasizes the importance of transporting material to
and from the developing infant
e Heart begins beating and pumping blood about day 21 or 22 of
development
Research indicates that the heart is more than a “simple efficient pump”
» “The heart is highly complex and serves as an information-processing
center with its own functional brain”
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e Composed of 4 chambers and 2 distinct sides

e Right side receives blood from the peripheral circulation and
pumps blood to the pulmonary circulation

e Leftside receives blood from the pulmonary circulation and
pumps blood to the peripheral circulation

e Each of the 4 chambers of the heart has a specific function
during the cardiac cycle

e (Cardiac muscle is capable of contraction and force generation

» A sequential series of contractions (systole) and relaxations
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Intrinsic Control:

e Specialized nervous tissue within the heart that control the Sinoatrial (SA) Node
contraction sequence of the atria and ventricles Pacemaker
* Blood moves in a specific direction through the heart into the

pulmonary and peripheral circulation : :
Atrioventricular (AV) Node

Delays Impulse to Contract 1/10% of a second
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Extrinsic Control:

e Occurs through branches of the Autonomic Nervous
System (ANS)

e The ANS controls cardiac function through its innervation
of the SA Node and AV Node via the vagus nerve

 The ANS controls physiological functions that are
unconscious in nature through its subcomponents —
sympathetic nervous system (SNS)/parasympathetic
nervous system (PNS)

» Heart Rate, Cardiac Timing, Contractility, Blood
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e Research has shown the rhythm of a healthy
heart to be variable even under resting
conditions

e This variability is due to the synergistic action
of SNS and PNS

e The SNS and PNS are continuously interacting

to maintain CV activity in an optimal range and
permit appropriate responses to internal and
external conditions

* Fight, flight or freeze is not the only option.

Self regulation is possible by inhibiting
sympathetic outflow (gas) and initiation of the

https://doi.org/10.3390/ijerph18158
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e The traditional scientific view is the heart responds to
brains commands

» The ANS influences the cardiovascular system
through a complex system of brain centers
(limbic, hypothalamus and medulla) and
neural pathways (brainstem and spinal cord)

 Research shows a dynamic two-way dialogue exists between the
heart and brain with each organ continuously influencing the other.

» Heart communicates with the brain and body in 4 ways:
e Neurological communication (nervous system)
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e Research has shown the heart has a complex neural network that is extensive and characterized as
a brain on the heart and includes a network of ganglia, neurotransmitters, proteins and support
cells

e The heartis processing information from the internal and external environment and appropriately
responding with signals to the SA Node and other tissues in the heart

e Messages from the cardiac nervous system travel to the brain via ascending pathways in both the
spinal column and vagus nerve and on to the medulla, hypothalamus, thalamus, amygdala and
cerebral cortex
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Research has shown when the heart is pushed by constant emotional inputs and excessive
physical exertion without appropriate rest, it suffers through disordered function and

vulnerability to disease

The psychophysiological response to stress is through emotions and includes feelings of
anxiety, irritation, lack of control and at times hopelessness

The ANS is intimately connected to other physiological and psychological systems in the
body, understanding it responsiveness may provide information about occupational

performance capacity
This is important in tactical populations who often operate in unpredictable and extreme

https://doi.org/10.3390/ijerph18158
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* Measuring and understanding IBI variations over time via HRV parameters can provide

psychophysiological insight regarding a Tactical Professional’s capacity to handle challenging
environmental conditions

Commonly used HRV parameters:

These HRV parameters provide different ways to view over time measures of central tendency (mean,
median, mode), variability and distribution (standard deviation)

» Time-Domain

e HRV time-domain indices quantify the amount of HRV observed during monitoring periods of < 1 min to
> 24 hours

» Frequency-Domain

https://doi.org/10.3390/ijerph18158
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Training Factors Lifestyle Factors Biological Factors

New/Unfamiliar Tasks Chronic Health Conditions
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U.S. Army Demographics 2020:

e Active component (AC) Soldier population was 474,000
e 81% of AC end strength was enlisted personnel

e 77% were under 35

e 15% were female

* 49% of Soldiers experienced a new injury

e 70% cumulative overuse musculoskeletal injuries (MSKIs)

2021 Health of the Force Report, APHC, 2021-hof-web.pdf (army.mil
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https://phc.amedd.army.mil/PHC%20Resource%20Library/2020-hof-web.pdf

»Sleep, Activity, Nutrition (SAN)

 Annual Survey per Reg 350.53

e Pillars of optimal physical, behavioral, and emotional health
e Based on CDC and USDA recommendations/targets

e Neglect in any single domain = suboptimal performance

2021 Health of the Force Report, APHC, 2021-hof-web.pdf (army.mil
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e Research on the effects of physical activity on HRV have been designed to assess overtraining or
non-functional overreaching, which can impact performance and increase injury risk

e QOvertraining and NF overreaching are associated with increased SNS activity

* HRV values that persist as abnormally high or low may reflect a state of overtraining and indicate a
need to evaluate training volume and for training to be adjusted

e Research shows the association between HRV metrics and aerobic fitness and general fitness
levels, but individual characteristics along with training intensity and volume must be considered

https://doi.org/10.3390/ijerph18158
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e HRV mainly assesses and reflects neurocardiac ANS function. Its relationship to neuromuscular
performance (maximal strength and power) is not clear with more research needed

* HRV may be an effective tool for monitoring program design by accounting for training volumes
and implementing appropriate recovery

* HRV provides a non-invasive and practical method for assessing internal load responses and
adaptability to external demands (occupational)

* HRV provides an opportunity for the Tactical Professional to learn to self-monitor and develop

https://doi.org/10.3390/ijerph18158
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* HRV serves as a measure of general bOdK homeostasis due to its link with lifestyle factors and association
with morbidity and mortality. HRV is pathologically decreased in individuals with cardiovascular disease

e Research has shown co-morbidities, dietary habits, physical activity, genetic factors and emotional stress
all influence HRV

» Glucose levels and Insulin resistance:

» High fasting plasma glucose levels are significantly correlated with PNS modulation resulting in
reduced heart rate recovery after cardiopulmonary exercise testing

* Body Fat:
» PNS modulation is inversely related to body fat percentage, high body mass and waist circumference

» Exercise Training in Individuals with Obesity.

» Weight reduction through exercise training in obese individuals has been shown to improve HRV by
modulating PNS (vagal) activity

https://doi.org/10.3390/ijerph18158
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e Inthe long-term, poor sleep hygiene increases sleep problems co-morbid with physiological and
psychological issues including:

» Cardiovascular disease, substance abuse, post-traumatic stress disorder (PTSD), and mood
disorders

» Sleep disruption is often conditioned by trauma and specifically when an individual is deployed an
environment that is threatening

* Research shows that sleep has important benefits for health and well-being and is often disrupted in
tactical populations

 HRV values below a determined normative rolling baseline may indicate incomplete recovery, onset of
illness, chronic stress and poor sleep

https://doi.org/10.1186/s12889-021-11595-x
https://doi.org/10.3390/ijerph18158
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e Tactical Professionals experience stress through physical training, deployments, environmental
conditions, vigilance, emotions, cognitive strain and illness

e Acute and chronic stress generally initiates a withdrawal of the PNS and increased SNS activity
resulting in a decrease in HRV

e Aslower rate of recovery of HRV after the completion of acute occupational stressors appears to
occur in response to stressors of greater magnitude.

e Baseline HRV is reduced when acute stressors cause a chronic accumulation of stress, which
degrades physical and mental task performance

e In general, Tactical Professionals with high HRV values tend to demonstrate better coping skills

PO c EIMOLUIor O8I C 11EXI0 INAUE C I CONAItions wnern cormpdread to tnose WiLr

https://doi.org/10.1186/s12889-021-11595-x
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e HRV as an assessment tool may be effective in assessing health and performance in tactical work
environments

e HRV offers a method to develop awareness and implement adjustments to training specific to the
needs of the tactical professional and their occupational demands.

* Monitoring HRV facilitates an opportunity to develop self-awareness about one’s recovery, lifestyle
habits, and the effect of these variables on their psychophysiology (wellbeing)

 HRV provides psychophysiological feedback that may be useful in addressing the tactical
professional’s current capabilities to handle occupational tasks while in the selection process and
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“The phrase “popular science” has in itself a touch of absurdity.
The knowledge which is popular isn’t scientific.”

"Stuady as if you were going to live forever; live as if you were going to die tomorrow.”

AIME d ACddemy Ol A

American Association for the Advancement of Science
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