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https://www.sweetwaterhrv.com/documents/Quick_Start_Guide_(Professional_HRV).pdf

Introduction for [ealth Practitioners

More on the app later. \/\/ha’c S| R\?

= Millions of people seek to improve their health using a variety of modalities

— Self-Help books, Alternative health practitioners including Chiropractic, Acupuncture,
supplements and energy work

= Treatments may do nothing or even be contraindicated for some people
— What helps one client/patient may do nothing or even hurt another

= Standardized treatment protocols often produce well documented results however
they do not take individual responses into account

— Age, gender, race, baseline fitness level and genetic factors are known determinants of
individual differences in responses to treatments

= The status of the Nervous System is an important indictor of the body’s response
to any type of intervention be it physical, psychological, energetic or involve
supplements or other substances

— Nervous System measures indicate individual responses
= Heart Rate Variability (HRV) is a view into the nervous system
— HRV is reflection of vagal tone which is affected by life in general
— HRV can be used to guide an optimal treatment program
— HRV is non-invasive and can be measured with an off the heart rate monitor
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Presenter Notes
Presentation Notes
Let’s be honest. After the whole Covid fiasco, many people have lost faith and trust in traditional medical establishment. More and more people are taking their health into their own hands and seeking treatment from alternative health practitioners


What is Heart Rate Variability (HRV)?

HRYV is the variation in time between each
heart beat

This illustration shows an unhealthy Heart Rate Variability
with constant 1 sec intervals between beats

This illustration shows a healthy heart rate variability with
variation between beats

This variation in time between beats is
caused by a “tug of war” between the
sympathetic nervous system speeding the
heart up and the parasympathetic slowing it
down

HRV has been researched for more than 30
years
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Presenter Notes
Presentation Notes
HRV is The variation between each heart beat and is a view into the ANS 
30 years of research validates HRV as a significant metric for measuring health

HRV is a mainstream topic of research
Some HRV metrics
SDNN – Standard Deviation of RR intervals
pNN50 – Percentage of RR intervals/hour in which change in normal intervals exceeds 50msec
rMSSD – Root Mean Square of Successive Differences of RR intervals
SDNN, pNN50, rMSSD all have published cutoff points for risk of sudden death from MI
HRV provides insight into the nature of heart-related diseases
While there is still a gap in awareness of HRV between researchers and doctors in the medical community, HRV is an emerging biometric
Insurance reimbursement codes accept HRV as a metric for measuring ANS
Monitoring HRV allows individual to modify behavior, leading to positive change throughout the body’s tightly coupled system

HRV measurements.�CPT Coding 95921 and 95922 �Two reimbursable CPT codes allow physicians to be paid for autonomic nervous system monitoring. �These two reimbursable CPT codes for autonomic nervous system monitoring (95921 and 95922) were established in 1999. These CPT codes enable health care providers to be reimbursed for monitoring the autonomic nervous systems of patients where such monitoring is indicated. �The reason for two CPT codes is simple. In order for physicians to get a complete look at autonomic nervous system functioning they must read both of its branches (Sympathetic and Parasympathetic) independently. �CPT code 95921 is coded for parasympathetic nervous system monitoring and 95922 is coded for sympathetic nervous system monitoring. 
HRV measurements. CPT Coding 95921 and 95922 �357.2 Polyneuropathy in Diabetes�V628.9 Psychological Stress or Physical Stress not elsewhere classified�308 Stress Reactional Emotional�308.1 Predominant disturbance of consciousness�308.3 Other acute reactions to Stress�308.4 Mixed disorders as reaction to stress�308.9 Unspecified acute reaction to stress�458 Orthostatic Hypotension�458.1 Chronic Hypotension�429.9 Heart Disease unspecified





= The Vagus Nerve is the 10t of 12
paired cranial nerves and relays
information from the brain stem to
most internal organs

= |t controls parasympathetic
innervation of the heart and acts to
lower the heart rate.

= Vagal innervation is the mediator of
HRYV and therefore HRV is an
indication of Vagal Tone

= The stronger the Vagal Tone, the
higher the HRV

= Higher HRV is an indication of an
individuals ability to “put the brakes
on stress” by mediating the
sympathetic control over the nervous
system and heart rate.
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Presenter Notes
Presentation Notes
We know that in general, increases in vagal tone both slows the heart and makes the heart rate more variable

Respiratory Sinus Arryhmthmia (RSA) is the phenomenon where inhalation temporarily suppresses vagal activity (and thus immediately increases heart rate) and exhalation immediately decreases HR as vagal activity resumes (and decreases HR).

Just a side note, the sympathetic activation comes from the Thoracic and Lumbar regions of the spine, and project to a chain of ganglia before being re-transmitted to the organs. This could be why sympathetic activation is slower (LF) than parasympathetic.

The parasympathetic activation comes from the sacrum and the medulla. The nerve fibers from the medulla project to ganglia very close to the organs




« The Autonomic Nervous System (ANS) has two main branches:
« Sympathetic (Fight or Flight) Branch
« Parasympathetic (Rest and Repair Branch)
« The Enteric Nervous System (ENS) is the third branch of the ANS
* Also known as the “Gut Brain” or “Second Brain”
* Not a known contributor to HRV

Ba!ance Your Nervous 595tem

A
The sympathetic nervous system is a i The parasympathetic nervous system is
bit like an accelerator; it controls the -' more like the brake pedal; it calms us down
flight or fight response

When sympathetic and parasympathetic systems are in balance, your body is at
its optimum; ready for action, yet robust and unstressed
© 2012 Sweet\Water Health, LL.C.



Presenter Notes
Presentation Notes
The enteric nervous system is a third division of the autonomic nervous system that you do not hear much about. The enteric nervous system is a meshwork of nerve fibers that innervate the viscera (gastrointestinal tract, pancreas, and gall bladder).

The enteric nervous system (ENS) is located in the gastrointestinal tract. It is a system of sensory neurons, motor neurons, and interneurons that extends from the esophagus to the rectum. It is a part of the autonomic nervous system (ANS), which also includes the sympathetic nervous system and the parasympathetic nervous system.
The ANS is responsible for the involuntary processes in the body. The ENS is the part of the ANS that regulates the digestive functions of the gastrointestinal tract. It receives internal input from the gastrointestinal tract and external input from the brain and other parts of the ANS to regulate digestion.

The ENS works with the help of the central nervous system (CNS), but it also can carry out some of its functions in the digestive process without communicating with the brain.
�


f‘1 R\/ Components

« HRV is a reflection of the degree of coupling between biological oscillators
» Sinoatrial (SA) Node

— Sympathetic Nervous System

— Parasympathetic Nervous System
— Respiratory Sinus Arrhythmia R
— Baroreceptors . .
— Chemoreceptors

« Atrioventicular (VA) Node

— Vagus Nerve
— Minimal Contribution to HRV
« Healthy coupling -> Complexity
— Circadian Rhythm
— Deterministic Chaos
— Random Fractal
— Oescillatory
— Regular Polynomial

— 1/f noise
SweetWater [Health | | C (onfidential



Presenter Notes
Presentation Notes
Healthy organs behave as biologic oscillators, coupled and maintained by a vast communications network, including neural networks.
HRV is a reflection of the degree of coupling between organ systems
Source: Godin; Crit Care Med;1996

The SA node also called the sinus node is the heart's natural pacemaker. The SA node consists of a cluster of cells that are situated in the upper part of the wall of the right atrium (the right upper chamber of the heart). Electrical impulses that cause the heart to beat are generated there. 

Without nervous stimulation the SA node will establish a heart rate of approximate 100BPM. An example is in heart transplant recipients. For the rest of us the SA node is innervated by the ANS  (sympathetic and parasympathetic/vagus nerve) which in turn is responding to, amongst other things:

RSA is the phenomenon where inhalation temporarily suppresses vagal activity (and thus immediately increases heart rate) and exhalation immediately decreases HR as vagal activity resumes. 

There are also some feedback mechanisms modulating the heart rate, that try to maintain cardiovascular homeostasis by responding to the perturbations sensed by baroreceptors and chemoreceptors

Baroreceptors are sensors in the vascular system that respond to changes in pressure within blood vessels, generating afferent (from receptors to the nervous system vs. efferent from the brain and CNS ) nerve impulses to the SA node.

Chemosensors detect certain chemical stimuli in the environment and similarly send nerve impulses.

The AV node is a group of specialized cardiac muscle fibers located at the center of the heart, in the floor of the right atrium, between the atria and ventricles. The AV Node takes the signal from the Sinoatrial (SA) Node, slows the signal down and regulates it, and then sends the electrical impulses from the atria to the ventricles (bundle of His). The AV node regulates the signals to the ventricles to prevent rapid conduction (atrial fibrillation), as well as making sure that the atria are empty and closed before stimulating the ventricles.

A number of physiological systems have been identified as exhibiting nonlinear oscillatory interaction phenomena; these include the sinoatrial node in the heart1, the respiratory system, synchronization of nonlinear biochemical systems and the digestive system

Vagal/parasympathetic stimulus slows this down and sympathetic activation speeds it up.


How is 1RV Calcu]ate&?

REK ]ntervals D@Cined

= HRYV calculations are performed on the
“‘RR interval time series”. What exactly is
that?

— ECG “R” point can be though of as the
beat time

— The R-R interval is the time between
beats

= The resulting “RR interval time series”
looks something like this:
0.978516
0.982422
1.06641
1.06738
0.974609
1.05273
= Optical HR sensors such as Apple Watch,
Oura Ring, Whoop and Fitbit measure
expansion and contraction of capillaries

— Very difficult to detect exact beat times
— Very sensitive to motion
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Fa]sc/Missed Normal Beat Detect.icrm-

= HRV calculations are very

sensitive to RR inputs
including noise and missed JWWW W‘ sslrd |
beats

= Standard praCtice iS to NNO NN1 NNZ NN3 NES NNS NNE NN7 NN8
remove these “ectopic ”M“Wﬂwwﬂwwmwm
beats” and noise before N N O S m
performing HRV T
CaICU IatiOnS fg:er;ﬁ:glrpﬂ?eltjuosmam Measures: From Variance to pNNx

Beth Israel Deaconess Medical Center Harvard Medical School

= Quality of reading is critical!
— Will demonstrate in Kubios
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Presenter Notes
Presentation Notes
Delete non-physiologic intervals (e.g., <0.4 or >2.0 sec) 
The lower limit is reduced when exercising otherwise all RRs above 150 BPM would be excluded
• Select a window size of 2N+1 (e.g. 41) data points
• Average the N data points on either side of the central
point
• Exclude central point if it lies some fixed fraction (e.g.
20%) outside of window average
• Advance to next data point


HR\/ Can Be Measureé

13 Multiple Wags

= Statistical Analysis
= SDNN (ms)

= The standard deviation of all RR
intervals

= RRintervals have also been called NN
intervals which is why SDNN instead of
SDRR

= rMSSD (ms)

= Root Mean Square of Successive Differences
between adjacent RR intervals

= pNN50 (%)
= The percentage of adjacent RR intervals that differ by
more than 50ms

= Geometric Methods

= Triangular Index
= TINN (ms)
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Presenter Notes
Presentation Notes
SDNN (estimate of overall HRV), (2) HRV triangular index (estimate of overall HRV), (3) SDANN (estimate of long-term components of HRV), and (4) RMSSD (estimate of short-term components of HRV).

Published cutpoints for increased risk of mortality (SDNN index 30 ms, rMSSD 15 ms, pNN50 0.75%). The proportion of healthy subjects >65 years old for whom values extended below cutpoints was 25% for SDNN index, 12% for rMSSD and 14% for pNN50  
[Twenty-four hour time domain heart rate variability and heart rate: relations to age and gender over nine decades.
Umetani K1, Singer DH, McCraty R, Atkinson M.]

Geometric methods are performed by “binning” the RRs and then plotting the number in each bin vs the value of the RRs in the bin.

The HRV triangular index is the value obtained by dividing the area integral of D by the maximum Y. 
When the distribution D with a discrete scale is constructed on the horizontal axis, the value is obtained according to the formula HRV index=(total number of all NN intervals)/Y. 

TINN=M−N

For the computation of the TINN measure, the values N and M are established on the time axis and a multilinear function q constructed such that q(t)=0 for t≤N and t≥M and q(X)=Y, and such that the integral ∫0+∞ (D(t)−q(t))2 dt is the minimum among all selections of all values N and M. The TINN measure is expressed in milliseconds and given by the formula TINN=M−N. 


To perform geometric measures on the NN interval histogram, the sample density distribution D is constructed, which assigns the number of equally long NN intervals to each value of their lengths. The most frequent NN interval length X is established, that is, Y=D(X) is the maximum of the sample density distribution D. 




HR\/ Can Be Measureé _

13 Multiple \/\/ays

= Frequency analysis

Very Low Frequency (VLF) (ms?

= Association debated

Low Frequency (LF) (ms?
= Associated with primarily sympathetic activation
= May have some contribution from parasympathetic

High Frequency (HF), (ms?

= Associated with parasympathetic activation

Lfnu

= LF normalized
= Lfnu + Hfnu = 100 Always

Hfnu

= HF normalized

Peak Power (Hz)

= The frequency at which the power for each region
is at a maximum

= May reflect breathing frequency during exercise or
paced deep breathing

= Non-Linear:

SD1/SD2, ApEn, SampEN, DFA

\S\VCMT\/\/H{'CF }"lca{ftlﬁ L L ( (:,L)Mjic[cnitia]
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Presenter Notes
Presentation Notes
Some researches attribute the VLF range to thermoregulation

Normalized units represent the relative value of each power component in proportion to the total power minus the VLF component.

The peak detection approach is supported by a number of investigators who believe that a peak may reflect a specific mechanism of cardiovascular control that can thus be quantitatively assessed by the power or area of the peak. However, other observations suggest that (1) a peak may originate from more than a single cardiovascular control mechanism, and (2) a single cardiovascular control mechanism may contribute to different peaks.

SD1 and SD2 are derived from Poincaré HRV plot which is a graph in which each  RR interval is plotted against next RR interval (a type of delay map)
http://www.physionet.org/events/hrv-2006/yang.pdf 

SD1: dispersion (standard deviation) of points perpendicular to the axis of line­of­identity and represent short term variability
SD2: dispersion (standard deviation) of points along the axis of line­of­identity and represents long term variability

ApEN – Approximate Entropy quantifies unpredictability in the RR time series. A coherent sequence is like a sine wave is predictable and thus has a lower ApEN value than, say, a sleep session.

SampEN is a modification of ApEN

DFA allows the detection of Self Similarity – propery of fractals 


HR\/ Farameters ot ]nterest: rMSSD

= rMSSD is a reflection of Vagal Tone

= rMSSD is non-stationary and varies +/- 10 ms
at rest

= Average rMSSD ranges from ~20ms to ~80ms
depending on age and state of health

= Generally calculated on 5 minute window
= 3 minute window is offered as an option

= Used (along with HF) in clinical research to
assess Vagal Tone

= The “HRV” value in the app is rMSSD scaled to a
value from 0-100 for ease of use

= Each application uses a slightly different
scaling algorithm so it is important to choose
one and stick with it

= A high HRV (rMSSD) is an indication of strong
vagal tone and stress recovery
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Presenter Notes
Presentation Notes
Rmssd and HF both reflection of Vagal tone – rMSSD is a measure that correlates with vagal tone in less than 5 minutes.

In contrast to the non-stationary process that has a variable variance and a mean that does not remain near, or returns to a long-run mean over time, the stationary process reverts around a constant long-term mean and has a constant variance independent of time.

The RR time series is non-stationary! Implications for LF and HF are important because FFT assumes stationary signal and thus LF and HF calculated with FFT are re-sampled – result is close though some data could be lost. 




FIRV Parameters of |nterest: | [T, H}; -

= LF is associated with sympathetic
nervous system

= HF associated with parasympathetic
nervous system LF HF

= There are industry standards for LF . e .
and HF frequency ranges

= LF = 0.04hz - 0.15Hz
= HF = 0.15hz — 0.4hz

= LF and HF Ratio is another standard
of measure .

= Represents a measure of
sympatho-vagal balance

= LF/HF < 2 is indication healthy
*resting® ANS balance

Blood pressure Respiration
Sympathicus
Parasympathicus | | Parasympathicus

60000 —

40000 —

20000 —

Spectral density (ms?/Hz)

0.0 0.1 0.2 0.3 0.4 0.5
Frequency (Hz)
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Presenter Notes
Presentation Notes
Quiz: What are the ranges for LF and HF?

 Frequency analysis can be performed using many different techniques such as FFT, Autoregressive, Lomb Periodogram, each with a variety of setting which will change the exact result
Notice the difference between FFT and Autoregressive in Kubios
Play with some of the FFT and AR spectrum parameter is Kubios to see the results

Sympathetic activity increases the heart rate and its response is slow (a few seconds). On the other hand the parasympathetic activity decreases the heart rate and its response is faster (0.2-0.6 seconds). Parasympathetic influence on heart rate is mediated by the action of the vagus nerve. There are also some feedback mechanisms modulating the heart rates, that try to maintain cardiovascular homeostasis by responding to the perturbations sensed by baroreceptors and chemoreceptors. 

Due to the different speed of response of both branches of the ANS, it is possible to use the frequency analysis to discriminate between the sympathetic and parasympathetic contributions to the HRV. Akselrod et al. [4] described three components in the HRV power spectrum with physiological relevance: the Very Low Frequency (VLF) component (frequencies below 0.03 Hz), the Low Frequency (LF) component (0.03-0.15 Hz) and the High Frequency (HF) component (0.15-0.4 Hz). However, at present there is no absolute consensus on the precise limits of their boundaries.

Among all the HF mechanisms involved in the heart rate modulation we find the so called Respiratory Sinus Arrhythmia (RSA): the heartbeat synchronization with the respiratory rhythm [7]. In addition to the breathing frequencies, the HF component is believed to be of parasympathetic origin. It should be noted that, although it is 11 common to set the upper limit of the HF band to 0.4-0.5 Hz, it may extend up to 1 Hz for children or adults during exercise.

The LF component is a subject of controversy. Some consider that the LF phenomena is of both sympathetic and parasympathetic origin [4], [5], although some authors have suggested that the sympathetic system predominates [16], [23]. This discrepancy is due to the fact that, in conditions of sympathetic excitation, a decrease in the absolute power of the LF band is observed. This band also includes the component referred to as the 10-second rhythm or the Mayer wave, caused by oscillations in baroreceptor and chemoreceptor reflex control systems.

It turns out that if you do a spectral analysis of Blood Pressure on a healthy person, the peaks fall into the LF range.



ththmic Breathing Power

Also known as Coherence

. When breathing iS paced and Heart Rhythm Coherence Ratio Calculation
rhythmic, the power levels will be e
focused around the frequency of the i - il

. . | Peak Power: Integral of the window 0.015 Hz
breath|ng as ShOWﬂ. 23 (_// above and below the highest peak
M g Total Power: (0.0033 - 0.4 Hz)
= This is primarily due to what is : . Conernce Rt
. . . (=] (Pea ower/ [lota ower eak rower))
called Respiratory Sinus Arrhythmia ‘
= Respiration influences ANS a

= HeartMath Coherence is an LR
example with power spike at around
O- 1 5HZ = ':2 Coherence
= Induced through deep regular breathing : :‘;/\ﬂ/\jv\/\/\/’\/\/\/\/\/\/\/\/v\/
= Feeling of love, gratitude, appreciation e

. - 1 50 100 150 200
= Example shows real time heart rate TIME (SECONDS)
in Coherent and Non-Coherent 00
w %o Non-Coherence
state. £ w
= \We are mostly non-coherent as our nervous ¢ e
system reacts and responds to life o 50 100 %0 200

TIME (SECONDS)
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= LF and HF units are Power
= Technically called Power Spectral Density or PSD
= Power represents “Power Level” of Nervous System
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LF =276, HF = 102 LF =15 HF =28
Lfnu = 72, Hfnu = 27 Lfnu = 35, Hfnu = 64
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Presenter Notes
Presentation Notes
During exercise the amplitude decreases significantly resulting in low HRV and Power Levels.

Quiz question: What do power levels represent?


H R\/ Additional ]n{:ormation

= HRV is an indication of your resilience — the ability of the nervous system
to respond and recover from physical or psychological stressors

= IMPORTANT: HRYV values depend on length of measurement
= 5 Minutes = Short term HRV
= 24 Hour = Long term HRV

= IMPORTANT: HRV is age and gender dependent

= HRV has a circadian rhythm

= HRV may change day to day with your biorhythm or due to emotional or
physical stress
= Jo Beth Dow discovered a yearly rhythm in her Quantified Self analysis

= Chronic low HRYV is an indication of systemic health (psychological or
physical) issues

\%wect‘v\/atm‘ r 16;31%!‘1 LL( C:o.'*,fjiﬁe.'xtial



= There are 4 major HRV metrics to consider
~ rMSSD/HRV

 “HRV” is derived from rMSSD -> 0-100 values easier to understand than raw
rMSSD

— Stress level -> derived from LF/HF and represents the balance of the
nervous system

— LF Power -> represents the sympathetic or “fight or flight” response
— HF Power -> represents the parasympathetic or “rest and repair”
response
= IMPORTANT — In order to meet the accepted definition for
“Short Term HRV”, SweetBeatLife algorithms operate on a 5
minute window. While rMSSD/HRYV settle down in 3 minutes,
LF and HF do not!

— When evaluating LF and HF, a minimum of 5 minutes is required
\5\A’Cc‘,t‘,\/}‘\/iﬁicr rjcn]t% 1 17(‘



HR\/ ]nterpre’cation

T his includes [ARV.,/"MSSD, LIF, HI

= HRV can vary greatly from person to

; Average
person dependmg on health and Gender Age SweetBeat HRV
fitness Male 10-29 72.29827

Female 67.68875

* HRV can vary greatly for an Male 30-49 62.51162
individual from day to day and even Female 60.47521

h to h Male 50-69 52.91486
our 1o nour Female 55.733

= While there are “average HRV Male 70-99 52.91486
Female 52.91486

values” determined through clinical

research, HRV is dynamic and Age 20's Age 30's Age 40+

individuals will tend to have their own Average
LF Male 1480 678 212
range Female 804 336 330
m Average
Some ath_letes ha_ve HRYV values that e Vale - 314 131
are magnitudes higher than average Female 528 311 156
persons
Source:
n Some healthy and flt |nd|V|dua|S may = http://www.anti-aging.qgr.jp/english/pdf/2010/7_94.pdf
. =  Values based on 5 minute measurements
have values at the high end of
average
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http://www.anti-aging.gr.jp/english/pdf/2010/7_94.pdf

Hcalthg VS Un~HcaltE9 \/ariationé —

= Through time you will start to see the individual range for
each client
— The following graphs indicate healthy and expected variations of HRV
— This range may trend down by 10% during heavy exercise or high stress
— Average stress is “yellow” with sensitivity setting = 5 (LF/HF avg <1.5)

= Red Flag Warnings

— Established normal range drops more than 30% and becomes the new
norm

— HRV < 50 (rMSSD < 20) consistently
— LF, HF <100 — consistently *
— LF/HF > 10 consistently * = chronic stress, lack of sleep or other

— NOTE: Sessions are run while supine or sitting, NOT during exercise
* Minimum session length = 5 minutes

Sweet\Water [ealth | | C (onfidential



HR\/* Example # |

HRV
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Presenter Notes
Presentation Notes
This individual’s mean is between 82 and 86


H R\/* Example H2
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*HRV measured using SweetBeat
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Presenter Notes
Presentation Notes
This individual’s mean is between 78 and 72



12000

10000

8000

6000

4000 -

2000 -

SweetWater [Jealth | | C Confidential

LF, HF Fower, E]ite Athlete
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Presenter Notes
Presentation Notes
HF trends from 6000 to below 2000 as race training and commencement proceed while LF trend is relatively flat at around 3000.  Note that HF > LF until race is close.
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Presenter Notes
Presentation Notes
This individual has consistent LF > HF, trending from,LF= 2000 to 2800 and HF = 1500. Note these power numbers in and of themselves are excellent and should not be compared to the Elite Athlete. LF is a bit elevated relative to HF though not too bad!
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| rainers

= SweetBeatLife features used by coaches and trainers
— HRV for Training Feature
» Coach provides specific Instructions of how and when to take reading
— Stress Monitoring

» Daily stressors also affect performance

« Usually includes stress awareness and reduction techniques
— Breath work
— Meditation/Yoga

— Heart Rate Recovery
» Another measure of ANS flexibility
— Food Sensitivity
* Nutrition and inflammation interact negatively with cortisol and adrenaline
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Presenter Notes
Presentation Notes
HRR should be performed immediately after stopping exercise at 70% - 80% or maximum HR. We recommend 80% if using standard chart to estimate HRmax. Some HRR tests are 2 minutes, SB and SBL HRR test is 1 minute test.

The goal is to reach your 70%-80% HR and remain there for at least 10 minutes, then stop and sit down if possible. Your HRR is the difference between your HR at the end of your workout and your HR 1 minute later.

Note that clinical research considers a HRR < 12 BPM to be indication of potentially serious heart/health issues.



FIRV for Traiﬂiﬂg/\/\/iupowcrz

Wh@n and How to Mcasure

« HRV value is dependent on length
of measurement

« HRV taken at same time each day
 First thing in the morning while lying in
HRV bed is recommended

* Try to keep a blank mind. Thoughts about
a busy day can effect the reading

» Don'’t surf the web on you phone!!!

= HRV has a circadian rhythm

Circadian Rhythm

o femoemozam — In same position
Time of Day .
« Lying down
« HRV is dependent on body - Sitting
iti + Standing
position _
— Timed measurement (3-
Sminutes)
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Presenter Notes
Presentation Notes
rMSSD is less sensitive to length of measurement (algorithm window width).


HR\/ for Training Example
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Presenter Notes
Presentation Notes
The red reference line is 10 day StdDev (HRV)/ 10day Avg(HRV) as described in below research paper. Note SweetBeatLife uses rMSSD (HRV) instead of LF to shorten the measurement time.

Significant main efects of training were found in Loadmax, absolute and relative VO2peak, and running velocity at VT.

http://www.pgedf.ufpr.br/Referencias08/iemi%20et%20al%20Eur%20J%20Appl%20Physiol%20Endurance%20training%20guided%20individually%20by%20daily%20heart%20rate%20variability%20measurements%20%20RAUL.pdf  


Stress, | ood, R\ and Optimal _-

Fer?ormance

= Inflammation is a common reaction
to a hardcore work out and is part of
the recovery process

= Inflammation is an innate response
to stress, illness, poor gut function or
eating toxic foods

— Stress increases cortisol which
contributes to inflammation

= What causes stress for one person
will not cause stress for another

— Same thing goes for food

— Individuals need to track what
works and doesn’t for them

= Interdependence of our body
functions make it complicated
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sugar &
FREAR, white flour lack of
emotional products SLEEP allergi
erdiss

pressures FOODS such as over

death of a i .
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marital unemployment . too ml.}ch
atrans or too little
-l 1 EXFRCISE
negative I FEDTIDﬁ S/ SMOKING
attitides a.clfl;ute prezcription &
8 beliefs ~ “HFOHIC non-prescription
wound CAFFEINE drugs
peychological healing nutrient-poor lack of
gtress lack of food nutrient-denzae
relaxation food
TOXING

ADRENAL STRESSORS

source: ~Hidrenal Fatii!.-.‘ Wilsan BﬁLANCEDm

Source: http://robbwolf.com/2012/04/09/real-deal-adrenal-fatigue/

(t,orncid!cntial .-


Presenter Notes
Presentation Notes
Physiologic complexity applies across your entire physiology. Systems feedback on themselves and other systems and nothing can be considered in isolation.


= When this response becomes the norm

for your body, whether it is from workouts,

stress or food, it becomes a low-level
feature in your physiology

— Mild, chronic, inflammation produces
few symptoms and subtle changes on

blood tests, though has a very different

effect on your metabolism

— Chronic low-grade inflammation makes

your brain and body resistant to the

normal regulatory effects of hormones,

including insulin and cortisol

— It interferes with recovery and thus
optimal performance

= [t is recommended that stress and diet b
monitored in addition to HRV for optimal
performance
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"Wiéﬂ for
Sound”

“Wired and
Tired”

High
Cortisol

High Neurg-
transmitters

SuperNova
Diva Soon
to Burnout

High | - Low

Cortisol Cortisol

High Neuro-
transmitters

Low Neuro-
transmitters

Inflamed
and in Pain

Allergic and
Infected

“Just Plain
Tired”

Low Cortisol

Low Neuro-
transmitters

Situation
Critical

e Source: http://www.integrativepsychiatry.net/adrenal_fatigue.html
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Presenter Notes
Presentation Notes
When the inflammation becomes the norm for your body, whatever the source, it becomes a feature in your body.

The latest thinking on heart clogged arteries is that it is no so much cholesterol, especially if you have a good HDL/LDL ration and low triglycerides, is that inflammation combined with small LDL particles is causing the buildup of plaque in the arteries.


HRV, HPA and Slecr

= Though ‘adrenal fatigue’ is not an accepted term in the medical community, malfunctions of the stress
response system are a very real phenomenon. The sympathetic branch of the nervous system activates
production of fight or flight hormones, including cortisol.
— Modern perceived stressors and over reaching training keep fight or flight in chronic “on” position

= HRYV, HPA and Sympathetic activation during stress test
— HRV is used to measure ANS (SNS and PNS)
— SNS activates the HPA — see next slide

= Cortisol is one of the moderators of sleep cycles and has 24 hour circadian rhythm
— Stress hormone helpful in the short term, harmful in the long fun as it weakens the immune system

Released by adrenal gland and regulated by the pituitary gland (and hypothalamus indirectly)

Cortisol has feedback inhibition of CRH and ACTH

Cortisol is at peak in morning around 9am, decreases gradually with a dip around noon and 3-4 pm then continuous drop
until midnight when it start the gradual increase to a max at 9am.

= Dysfunctional HPA axis activity may play a role in some sleep disorders, but in other cases the HPA axis dysfunction is
actually the result of a sleep disorder, as seen in obstructive sleep apnea.

. Sleep Cycles
— Stage 1 transition from wake to sleep — mixed frequency theta waves — 5-10 minutes
— Stage 2 light sleep, temp and HR begin to decrease — 20 minutes
— Stage 3 is transition between light and deep sleep, 20%-50% slow delta brain waves
— Stage 4 deep sleep >50% delta brain waves
— Stage 5 REM increased respiration and brain activity with mixed frequency theta waves
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VCE U4 Psych

Hypothalamus triggers the release
of i Stress i

Physical, psychological or environmental

CRH (Corticotrophin releasing
hormone) which activates the

Pituitary Gland which releases the
hormone

ACTH (Adrenocorticotropic
hormone) which is carried by the
blood to the

Adrenal gland which releases stress
hormones

Cortisol/ Adrenalin and
Noradrenalin

To assist the body deal with the
stressor

Ponds to
Ve
nd in, °

Adrenal Glands

" _(llocated above kidneys)
[ (7

L

The hypothalamus res
sol is

(reduces CRH if corti

50
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= Thyroid function
— Cortisol creates inactivation of T3 thyroid hormone shunting it into a form called reverse T3
Almost any time thyroid hormones fall, body perceives stress and activates HPA and cortisol
Body loses ability to regulate cortisol in perfect 24 hour rhythm
Chronic thyroid and cortisol dysregulation can result in adrenaline acting as a substitute for cortisol creating panic feeling
Waking in panic at 2, 3 or 4 am
= Moral of the story:
— Monitor your HRV for stress and for over training
— Monitor you HRV all night to check nervous system repair and ensure HRV has increasing trend
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Dig Deel:)er with K ubios

= |ntro to Kubios

— Kubios is a tool used by scientists to do a deeper analysis of HRV.
There is a free and paid version depending on what you want to do.

— Options Overview
* Artifact correction
* Analysis options
= Examples
— Quality of reading and the importance of artifact removal
— Coherent example — the effect of regular deep breathing
— Exercise example

Sweet\Water [ealth | | C (onfidential 52


Presenter Notes
Presentation Notes
Kubios:

Best to stick with 5 minute window

Coherent example

Quality of reading – artifact removal

Breathing frequency – baysport example with extended HF


The interpolation rate is related to the cubic spline interpolation that is used for converting the RR interval series to equidistantly sampled series. The default value for the interpolation rate is 4 Hz which works well for normal human HRV data.
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