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HEART RATE VARIABILITY SIGNAL PARAMETERS QUANTIFY
SKIN COOLING EFFECT OF ENERGY PATCHES DURING REST
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ABSTRACT

Heart rate variability (HRV) signal analysis proggda non-invasive and sensitive marker of autonerereous
system (ANS) activity. Spectral parameters of Hilyhal are used to quantify the balance betweerpatmatic
and parasympathetic (sympathovagal) influences umaeious physiologic conditions. ECG signals were
acquired, filtered and further processed to deifiveHRYV signal. The low frequency (LF), high freqay (HF),
and their ratio LF/HF were calculated to assesp#rasympathetic dominance or the skin coolingeefiéa set of
non-transdermal Energy Patches on young healthyithihls during Rest and immediately after mild Eiee.
HRV data acquired from 20 young healthy voluntdésmales and 10 females, 19-25 years of age) diouale-
blind placebo-controlled study, were used to eveltiae skin cooling effect of these wearable devme the ANS
during rest and immediately after mild exercise lvhirearing active (A) and placebo (P) patches. alaim
condition (A) and condition (P) were compared usstagtistical analysis (one-sample inference). TR&HF
decreased significantly both during rest and immuedly after mild exercise in condition (A) compatedtondition
(P) with [Jor p <0.01 with a statistical power of at least 83%is study shows that the normalized LF/HF detive
from spectral analysis of HRV signals could be useduantify the parasympathetic dominance or tivalized
skin cooling effect of non-transdermal energy paschuring rest and immediately after mild exerarsgoung
healthy individuals.

Keywords: Heart rate variability signal analysis, Localizekiis cooling effects, Non-transdermal energy patches
Autonomic nervous activity, Wearable devices

INTRODUCTION

The autonomic nervous system (ANS) is structurafig functionally subdivided into two antagonistigisions:
sympathetic and parasympathetic. The sympathetisialin responds to fight-or-flight situations, iresing heart
rate (HR) and blood pressure (BP), among otherdestressful conditions. The parasympathetic iimigs
responsible for relaxation and energy conservdiien decreasing HR and BP). The heart as wailtlaar organs,
receives opposing influences from these two armshef ANS. This dual innervation underpins a fined an
continuous regulatory system and simply means arase in the activity of one division results israooth and
reciprocal decrease in the activity of the othdne Tynamic interplay between the two divisions eases or
decreases the HR depending on the predominanceeai\er the other.

Heart Rate Variability (HRV) signal refers to béatbeat variation of heart rate and representscitutical
changes in HR. As HR is modulated by both parasyimegia and sympathetic inputs, HRV can be utilizadan
indirect and non-invasive marker of autonomic ragah and control under different physiological diions [1].
High HRV reflects an ANS that is adaptable and dyically responsive to change whereas reduced HRYV is
indicative of an abnormal or restricted abilitytbé ANS in maintaining homeostasis [2, 3]. Pharrdwagoal studies
and spectral analysis of the HRV signal have rekedlo clear peaks in its power spectrum: a higguency (HF)
and a low frequency (LF) component. The HF pealclvis typically centered around 0.25 Hz (0.15 —Hiz} arises
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standard deviation af 49% of the mean. With these values a statistioatgp of at least 85% at a significance
level a or p < 0.01 was achieved. This level of significandéerts avery significanteffect. As a value ofror p =

0.05 is considerestatistically significantthe results in these subjects reflestatistically significaneffectwith a
power of 90%.

TABLE 1. Typical normalized power spectral parametes derived from 5-minute HRV signals acquired
from ECGs of a healthy male volunteer under 6 diffeent conditions [16]

Condition LF n.u. HF n.u. LF/HF n.u.
Rest withno Patches 97.70 2.28 42.75
Rest withPlaceboPatches 97.62 2.31 42.23
Rest withEnergyPatches 96.95 3.01 32.29
Exercise withno Patches 97.42 2.56 38.03
Exercise withPlaceboPatches 97.97 2.03 48.36
Exercise withEnergyPatches 94.72 5.23 18.10

TABLE 2. Typical normalized power spectral parametes derived from 5-minute HRV signals acquired
from ECGs of a healthy female volunteer under 6 dferent conditions [16].

Condition LF n.u. HF n.u. LF/HF n.u.
Restwith no Patches 99.15 0.83 119.25
Restwith PlaceboPatches 97.33 2.58 37.61
Restwith EnergyPatches 94.20 5.37 17.54
Exercisewith no Patches 90.58 9.41 9.62
Exercisewith PlaceboPatches 96.40 3.54 27.23
Exercisewith EnergyPatches 95.32 4.62 20.63

DISCUSSION AND CONCLUSION

From the spectral parameters of typical datasalstlam statistical analysis results for 20 subjeitts, following
observations could be made:

1. There was a noticeable difference between spguaraimeters when the subjects woreRlecebopatches
compared with when the subjects waepatches. Such differences in spectral parameterisaicative of
thePlacebo EffectThis is an indication of how the subjects respanethe feeling of wearing a patch.

2. There was a@ecreasdn the normalized.F when the subjects wore tBmergypatches compared with the
condition when the subjects wore tAcebopatches during botRestand immediately after 5 minutes of
mild Exercise

3. There was amcreasein the normalizedHF when the subjects wore tEmergypatchesompared with the
condition when the subjects wore tAkacebopatches during botRestand immediately after 5 minutes of
mild Exercise

4. There was a&tatistically significant decrease the normalized.F/HF when the subjects wore tmergy
patchescompared with the condition when the subjects whesPlacebopatches during botRestand
immediately after 5 minutes of milelxercise

5. On averagefemalesubjects were more responsiveBnergy patches compared to male subjects during
Rest While, on average male subjects were more resgohsEnergypatches compared to females after
mild Exercise These differences were not statistically sigatfic

6. On average, there was a higheductionin normalized LF/HFafter 5 minutes of mil@&xercisecompared
to thereductionin normalized LF/HFduringRest

Based on these observations it could be concludgdbioth duringRestand immediately after 5 minutes of
mild Exercise theEnergypatches elicited an enhangearasympathetic respongdue to a localized skin cooling
effect) which could beuantifiedby a reduction imormalized LF/HE A further reduction ohormalized LF/HF
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immediately after 5 minutes of milxercise(as a consequence of more body heat productionpaced toRest
may be indicative of the higher activation leveltbé& Energy patches in response to enhanced physical activity
resulting in an increased localized skin coolinfe@f during Exercise The statistical results revealed that the
Energypatches showed\eery significaneffect p < 0.01) compared tBlacebopatches in reducing theormalized
LF/HF duringRestand even further after 5 minutes of middercisewith a statistical power of at least 85% in this
sub-population.

REFERENCES

1. Task Force of the European Society of Cardiolog¢ &he North American Society of Pacing and Electro
physiology. Heart rate variability. Standards ofaswement, physiological interpretation, and clhicse. Eur
Heart J 1996; 17: 354-381.

2. McMillan, DE. Interpreting heart rate variabilityesp/wake patterns in cardiac patients. J Cardidvas
2002; 17: 69-81.

3. Pumprla, J, K Howorka, D Groves, M Chester, J Nolganctional assessment of heart rate variability:
physiological basis and practical applicationd. Jn€ardiol 2002; 84:1-14.

4. http://www.lifewave.com/.

5. http://www.lifewave.com/pdf/Research/Research008+¥darylceWaveClinical.pdf.

6. Grahn, DA, VH Cao, et al. Heat extraction throulgh palm of one hand improves aerobic exercise andar
in hot environment. J Appl Physiol 2005; 99:972-978

7. Arngrismsson SA, DS Pettit, et al,. Cooling vestnvduring active warm-up improves 5-km run perfonce
in heat. J Appl Physiol 2004; 96: 1967-1874.

8. Duffield, R, B Dawson, et al,. Effect of wearing &®e cooling jacket on repeat sprint performance in
warn/humid conditions. Br J Sports Med 2003; 374-169.

9. White, AT, SL Davis, et al,. Metabolic, thermoreafiory, and perceptual responses during exercise lafter
vs. whole body precooling. J Appl Physiol 2003; 9439-1044.

10. Marino, FE. Methods, advantages, and limitationsady cooling for exercise performance. Br J Sphtési
2002; 36:89-94.

11. White, AT, TE Wilson, et al. Effect of precoolingh @hysical performance in multiple sclerosis. Muléi
Sclerosis2000; 6: 176-180.

12. Galloway SDR, RJ Maughan. Effects of ambient terapge on the capacity to perform prolonged cycle
exercise in man. Med Sci Sports Exer 1997; 29(84011249.

13. Bruck, K, H Olschewiski, et al,. Body temperatustated factors diminishing the drive to exercisand
Physiol Pharmacol 1987; 65(6): 1274-1280.

14. Hessemer, V, D Langusch, et al. Effects of slighthyered body temperatures on endurance performance
humans. J Appl Physiol 1984; 57(6): 1731-1737.

15. Chatlapalli, S, H Nazeran, et al. Accurate Dermatof Heart Rate Variability Signal for Detectioh Sleep
Disordered Breathing in Children.®@nnual International Conference of the IEEE EMBS804; 538-541.

16. Nazeran, H, M Chatlapalli, et al. Effect of Novehmbscale Energy Patches on Spectral and Nonlinear
Dynamic Features of Heart Rate Variability SignimsHealthy Individuals during Rest and Exercise™ 27
Annual International Conference of the IEEE EMB@02.

17. Nazeran H, R Krishnam, et al. Nonlinear Dynamicalsis of Heart Rate Variability Signals to DetSi¢ep
Disordered Breathing in Children.®28nnual International Conference of the IEEE EMBS06; 3873-3878.

19



For the full copy of this paper please contact
LifeWave Customer Service at:

(866) 420-6288





